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I. REAL PARTY IN INTEREST 

Pursuant to 37 C.F.R. §1.192, Appellants hereby notify the Board of Patent Appeals and 
Interferences that the real party in interest is the inventor for this application, Paul P. Latta, 33 
Santa Cruz Aisle, Irvine, CA 92606. 

II. RELATED APPEALS AND INTERFERENCES 

Appellants are currently appealing to the US Board of Patent Appeals and Interferences in 
a related case, No.: 10/660,924. 

III. STATUS OF CLAIMS 

The above-identified application was filed with 14 claims. In response to the Office 
Action mailed June 16, 2005, claim 12 was cancelled and Claims 1, 6, and 11 were amended. 
Claims 1-11, 13 and 14 were finally rejected by the Examiner in the Final Office Action mailed 
November 3, 2005. Accordingly, Claims 1-11, 13 and 14 are the subject of this appeal. The 
Claims are attached hereto as Appendix VIII. 

IV. STATUS OF AMENDMENTS 

No amendments have been filed subsequent to the final rejection. 

V. CONCISE EXPLANATION OF SUBJECT MATTER OF INDEPENDENT 
CLAIM 

Claim 1 is the only independent claim on this appeal. The subject matter of this claim 
relates to Appellant's discovery of a method of treating of Type I diabetes in a mammal. See 
Applicant's specification at page 8, line 2 through page 9, line 11. The method includes as a first 
step implanting a dose of insulin-producing cells into an implantation site in said mammal. See 
page 10, lines 22-24. The cells that are implanted are encapsulated in a biologically-compatible 
membrane. See page 3, lines 30-31 and page 8, lines 3-29. The implantation site is subcapsular, 
subcutaneous, intraperitoneal or intraportal. See page 4, lines 16-17. In the second step of the 
claimed method a fully therapeutic dose of un-encapsulated insulin-producing cells is implanted. 
See page 8, line 30 through page 9, line 1, and page 17, lines 12-15. 
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When using the method of this claim, the encapsulated cells shed antigens through the 
capsule membrane into the blood stream of a host, while being protected from the attack by the 
host immune system. Over time, the host immune system gets tolerized to the implanted cells 
and when the fully therapeutic dose of the same cells is implanted, it is recognized by the 
immune system as "self and a rejection response is not elicited. See page 9, lines 1-4 and page 
17, lines 1-11. 



Each limitation of Claim 1, the only independent claim, is supported by the Specification 
as filed as follows: 



LIMITATION 


PAGErLINES 


A method of treating diabetes in a mammal in need thereof, 
comprising the steps of: 


8:2 through 9:11 


implanting in said mammal a tolerizing dose of insulin-secreting 
cells 


10:22-24 


encapsulated in a biologically compatible permselective membrane, 


3:30-31; 8:3-29 


wherein said implanting step is subcapsular, subcutaneous, 
intraperitoneal or intraportal; then 


4:16-17 


administering to said mammal a therapeutic dose of corresponding 
unencapsulated insulin-secreting cells. 


8:30 through 9:1; 17:12-15 



VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

1. The Examiner has rejected Claims. 1-4, 6-11, 13 and 14 under 35 U.S.C. §103(a), as 
being obvious over USP 6,703,017, or by USP 5,425,764 or USP 5,629,194 each in view of 
Posselt et al. {Diabetes, 1992, 41:771-775)!. 

2. The Examiner has also rejected Claim 5 under 35 U.S.C. § 103(a), as being obvious over 
USP 6,703,017, or by USP 5,425,764 or USP 5,629,194 each in view of Posselt et al. {Diabetes, 
1992, 41:771-775) as applied to claims 1-4 and 6-14, and further in view of USP 5,529,9142. 



1 Final OA, mailed 1 1/03/05, page 2, paragraph 3. 

2 Id., at page 5, paragraph 4. 
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VII. ARGUMENT 

1. The Examiner has improperly rejected Claims 1-4, 6-1 1, 13 and 14 as obvious. 

Pursuant to MPEP 2143, in order to establish a prima facie case of 
obviousness three requirements must be met: First there must be some suggestion 
or motivation, either in the references themselves or in the knowledge generally 
available to one of ordinary skill in the art, to modify the reference or combine 
reference teachings. Second, there must be a reasonable expectation of success. 
Finally, the prior art reference (or references when combined) must teach or 
suggest all the claim limitations. 

None of the three primary references cited by the Examiner provide any teaching of a 
tolerizing dose followed by a therapeutic dose. All three of these patents teach only the 
administration of a single fully-therapeutic dose. For example, U.S. Patent 6,703,017 describes 
treating diabetes in a mammal by creating a pancreas-like structure in a human patient. The 
patent indicates that "from data relating to transplantation of ex vivo islets in humans, it is 
expected that about 8,000-12,000 Idls per patient kg may be required" to achieve the desired 
therapeutic effect. 3 The implant in USP '017 is designed to treat diabetes by creating a live 
"insulin pump" in the body. Example 12 of USP '017 describes implanting 5,000 islets per NOD 
mouse, which is equivalent to 200,000 islet/kg of body weight. This treatment resulted in 
normoglycemia in these animals 4 . Thus, the '017 patent teaches the administration of only one 
fully-therapeutic dose of insulin-producing cells. It does not teach or suggest first implanting a 
tolerizing dose of insulin-producing cells prior to implanting the fully-therapeutic dose, wherein 
the tolerizing dose is at least one order of magnitude less than the therapeutic dose. 

US Patent 5,425,764 describes a method of using an implantable bioartificial pancreas 
device containing insulin-secreting islets, to supply an exogenous source of insulin to treat the 
symptoms of diabetes 5 . Accordingly, the '764 patent also requires implantation of a fully 
therapeutic dose of insulin-secreting cells, i.e. the dose necessary to achieve normoglycemia. As 
such, the '764 Patent does not describe or suggest implanting a tolerizing dose of insulin- 

3 USP 6,703,017, col. 14, lines 7-9. 

4 Id. col. 23, line 48 through col. 24, line 5. 
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producing cells prior to implanting of a fully therapeutic non-encapsulated dose, where the 
tolerizing dose is at least one order of magnitude less than the therapeutic dose. 

Similarly, US Patent 5,629,194 describes a method of implanting embryonic porcine 
pancreatic non-insulin-secreting cells capable of proliferating in vivo and then secreting insulin 
after transplantation. The dose sufficient for the treatment of insufficient insulin activity is 
100,000-500,000 aggregates, each containing 300-500 cells per human patient 6 . This is a fully 
therapeutic dose. Thus, like the other two primary references, the '194 patent does not describe 
or suggest implanting a tolerizing dose of insulin-producing cells prior to implanting of fully 
therapeutic non-encapsulated dose, where the tolerizing dose is at least one order of magnitude 
less than the therapeutic dose. 

The Examiner relied on a reference of Posselt et al. to show the administration of a 
tolerizing dose. In the Office Action mailed January 26, 2005, the Examiner cited Posselt et al., 
Diabetes 1992, 41:771-775 7 (Posselt 1992). However, during the Examiner's interview 
conducted March 21, 2005 8 , it was agreed that the correct reference should have been Posselt et 
al., Ann. Surg. 1991 214:363-373 9 (Posselt 1991). Nevertheless, in the Office action mailed June 
16, 2005 10 , and in the Final Office Action, mailed November 3, 2005, the Examiner again cited 
the Posselt 1992, reference 11 . It is clear that this is the wrong reference because in setting forth 
the bases for the rejection, the Examiner referred to the page numbers from the Posselt 1991 
reference 12 . Therefore, Appellant herein discusses the correct reference of Posselt 1991. 

In the Final Office Action, the Examiner stated that "Posselet (sic) et al., teach two step 
strategy: first administering a small dose of cell that induces an unresponsive state, i.e. tolerizing 
dose and then administering fully therapeutic dose, at another site." The Examiner further states 



5 USP 5,425,764 col. 2, lines 53-55; col. 6, lines 8-14; and claims 1-31. 
* USP 5,629,194, col. 13, lines 12-28. 

7 Office Action, mailed 01/26/2005, page 5, paragraph 10. 

8 Summary of Interview conducted March 21, 2005. 

9 Amendment filed May 6, 2005 (Summary of Interview). 

10 Office Action, mailed 06/16/2005, page 2, paragraph 3. 

11 Final Office Action, mailed 1 1/03/05, page 2, paragraph 3. 

12 Id., page 3, line 3. 
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that "[t]here is no indication or suggestion in Posselt et al. that only intrathymic transplantation 
should be performed." And further: "it is noted that the instant claims does (sic) not recited (sic) 
any specific place where a first tolerizing dose of insulin-secreting cells should be implanting 
(sic)." 13 All of these statements are clearly incorrect. 

First, although Posselt 1991 does disclose a two-step process of administering insulin- 
producing cells, the initial tolerizing dose is not "one to two orders of magnitude less than [a] 
therapeutic dose" as recited in pending Claim 3. The only doses of insulin-producing cells 
described in Posselt 1991 are described on page 364 of the reference under the heading "Islet 
Isolation and Transplantation." 1000 to 1500 islets were transplanted into the liver and renal 
subcapsule, and 600 to 800 islets were transplanted into each lobe of the thymus, for a total of 
1200 to 1600 islets. In the rats that did not destroy these islets, "serum glucose levels in these 
animals returned to normal within 48 to 72 hours after islet transplantation." 14 Thus, the dose 
that was applied was a fully therapeutic dose, rather than the tolerizing dose one to two orders of 
magnitude less than a therapeutic dose recited in Claim 3. 

Moreover, the Examiner disagreed with Appellant's characterization of the Posselt 1991 
reference as teaching away from delivery of the initial dose of insulin-producing cells to any site 
other than the Thymus. However, as explained below, one of ordinary skill in the art reviewing 
the Posselt 1991 reference would clearly conclude that the initial dose must be given to the 
thymus. 

Posselt 1991 describes implanting unencapsulated islets into various areas of the body, 
including liver, kidney, and thymus, of spontaneously diabetic BB rats 15 . The only implantation 
site that showed survival of the implanted cells was the thymus 16 . The islets injected into the 
liver were rejected almost immediately, while islets injected into the kidney capsule had variable 



13 Id., page 2, last paragraph through page 3, first paragraph. 

14 Posselt et al.1991 "Intrathymic islet transplantation in BB rats" Ann. Surg. 214:363-373 at 
page 365 left column. 

15 Id. at page 363, left column. 

16 Id. page 364, right column through page 365, right column. 
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survival, with only two surviving as long as 120 days. 17 In contrast, the intrathymic islet 
recipients were observed for a period close to the life span of the rat, without any recurrent 
diabetes. There is no indication of any kind in the Posselt 1991 reference that any site other than 
thymus can be used to induce immunological tolerance. Indeed, the authors state several times in 
this article that thymus is considered to be an immunologically privileged site. 18 

In experiments conducted on intrathymically injected animals, approximately 100 days 
after the initial intrathymus transplantation, the transplanted rats were challenged with 
extrathymic allogeneic islets, which remained intact even after removal of the thymus bearing the 
islet allografts 19 . However, in animals which were able to maintain functional subcapsular islets 
for more than 120 days, the vigor of the immune response to subsequent allografts was not 
diminished 20 . As the authors stated several times in this article, thymus is considered to be an 
immunologically privileged site and is subject to the usual biologic characteristics of such sites, 
in that prior sensitization of the host with skin allografts precludes prolonged survival of 
intrathymic islets 21 . The experiments, performed by Posselt et al. show just that, i.e. when 
allogeneic islets were transplanted into the thymus of recipients that had previously rejected 
donor strain skin grafts, the islets were destroyed in an accelerated manner, demonstrating that 
the intrathymic site is readily accessible to activated T cells 22 , and that no tolerance can be 
achieved using this protocol. Furthermore, Posselt et al. goes on stating that the achieved 
tolerization to intrathymic allografts is due to their direct influence on maturing thymocytes, 
which are more susceptible to tolerance-inducing signals, and that such "inappropriate" 
presentation of antigen by nonlymphoid cells induce a state of anergy in T cells 23 . 

Therefore, Posselt et al. clearly do teach away from using the initial dose of insulin- 
producing cells anywhere but thymus, and it only shows success in the absence of prior 

17 Id page 365, left column. 

18 Id. page 372, right column. 

19 Id. page 365, right column through page 366, left column. 

20 Id., page 367, left column. 

21 Id. page 372, right column. 

22 Id. page 367 left column, and page 368, right column. 

23 Id. page 373, both columns. 
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sensitization to the implant. If a skilled artisan was still looking for a way to solve the problem 
of creating tolerance to the implant other than described in the USP'017, USP'764, and 
USP'194, the publication of Posselt 1991 would point the artisan only in one direction: 
intrathymic implantation of a tolerizing dose of insulin-producing cells, because this reference 
convincingly teaches away from using tolerizing dose of insulin-producing cells anywhere but 
thymus, and it does not teach encapsulating these cells. Therefore, contrary to the Examiner's 
assertion, one skilled in the art would have no reasonable expectation of success in using the 
invention of the presently recited claims involving subcapsular, subcutaneous, intraperitoneal or 
intraportal implantation, and would have no motivation to do so after reading Posselt 1991. 

Furthermore, the Examiner's statement that "the instant claims does (sic) not recited (sic) 
any specific place where a first tolerizing dose of insulin-secreting cells should be implanting 
(sic)" is simply inaccurate. All of the claims recite that the "implanting step is subcapsular, 
subcutaneous, intraperitoneal or intraportal." Thus, these claims clearly exclude implantation 
into the thymus. 

Furthermore, as Dr. Scharp states in his Declaration submitted on May 6, 2005, the BB 
rat used as a model in Posselt 1991 has multitude of immunologic disorders that makes it more of 
a model for immune deficiency than a model for diabetes. Therefore, the BB rat is no longer 
considered an acceptable model for studying human autoimmune diabetes 24 . This is also stated 
by Posselt 1991 : "BB rats are known to be significantly immunodeficient" 25 . 

The Applicant was the first one to teach that implantation of insulin-producing cells in 
sites other than thymus produces tolerance to the implanted cells. The Declaration of Dr. Scharp, 
submitted on May 6, 2005, reiterates that point. 26 Contrary to the Examiner's statement, the 
instant method as claimed in the present Claims 1-14 specifies the non-thymus implantation sites 
for the tolerizing dose of encapsulated cells. This limitation is not suggested in any of the cited 
references. Therefore, the cited references fail to suggest the claimed method. Accordingly, 

24 Declaration of Dr. Scharp, page 3, paragraph 8. 

25 Posselt et al. 1991 "Intrathymic islet transplantation in BB rats" Ann. Surg. 214:363-373 page 

365, left column. 

26 Declaration of Dr. Scharp, page 3, paragraph 10 through page 4, paragraph 16. 
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even when combined, these references do not teach all the limitations of the claimed invention. 
As such, the cited references fail to support a prima facie case of obviousness. 

Additionally, with regard to Claim 3, none of the references including Posselt 1991 
disclose or suggest an initial administration of a dose of cells less than a fully therapeutic dose. 
Accordingly, Claim 3 is nonobvious for this additional reason. 

Finally, the claims recite that the insulin-producing cells are "encapsulated in a 
biologically compatible permselective membrane." One of ordinary skill in the art would not 
expect to inject such encapsulated cells into the thymus as suggested by Posselt 1991 because of 
the small size of the thymus. 27 Thus, one of ordinary skill in the art would not expect to be able 
combine the recited encapsulated cells with the methods of the three primary references and 
Posselt 1991. Thus, because the necessary motivation, teaching or suggestion to combine the 
references is absent, there is no prima facie case of obviousness for this additional reason as well. 

Therefore, Claims 1-4 and 6-14 are in compliance with 35 U.S.C. 103(a), and the 
rejection of Claims 1-4, 6-1 1, 13 and 14 as obvious is clearly improper. 

2. The Examiner has improperly rejected Claim 5 as being obvious. Non-obviousness 
of the independent Claim 1 in view of US Patent 6,703,017 or by US Patent 5,425,764, or US 
Patent 5,629,194 each in view of Posselt 1991 is asserted above. US Patent 5,529,914 discloses 
a method of encapsulating cells, but it fails to cure the deficiencies of US Patent 6,703,017, US 
Patent 5,425,764, US Patent 5,629,194, and Posselt et al. Therefore, Claim 5 is in compliance 
with 35 USC § 103(a), and the rejection of Claim 5 as obvious is clearly improper. 



27 A typical adult human thymus has a volume of 12 ml. 
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Conclusion 



In view of the arguments presented above, Appellants submit that the Specification as 
filed enables a person with an ordinary skill in the art on how to make and use the invention. 
Appellants further submit that Claims 2-9 are fully supported by the Specification as filed and do 



not constitute New Matter. 



Respectfully submitted, 

KNOBBE, MARTENS, OLSON & BEAR, LLP. 



Daniel E. Altaian ' 
Registration No. 34,1 1 5 
Attorney of Record 
Customer No. 20,995 
(949) 760-0404 




2752134 
071306 
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VIII. CLAIMS APPENDIX 

1. (Previously presented) A method of treating diabetes in a mammal in need 
thereof, comprising the steps of: 

implanting in said mammal a tolerizing dose of insulin-secreting cells 
encapsulated in a biologically compatible permselective membrane, wherein said 
implanting step is subcapsular, subcutaneous, intraperitoneal or intraportal; then 

administering to said mammal a therapeutic dose of corresponding 
unencapsulated insulin-secreting cells. 

2. (Original) The method of claim 1, wherein said mammal is a human, canine or 

feline. 

3. (Previously presented) The method of claim 1, wherein said tolerizing dose is one 
to two orders of magnitude less than said therapeutic dose. 

4. (Original) The method of claim 1, wherein said insulin-secreting cells are 
pancreatic islet cells. 

5. (Original) The method of claim 1, wherein said membrane comprises polyethylene 

glycol. 

6. (Previously presented) The method of claim 1, wherein said tolerizing and 
therapeutic doses comprise porcine cells. 

7. (Previously presented) The method of claim 1, further comprising the step of 
administering one or more anti-inflammatory agents to said mammal prior to, at the same time 
as, or subsequent to administration of said therapeutic dose. 

8. (Original) The method of claim 1, wherein said membrane has a molecular weight 
cutoff of about 150 kDa or less. 

9. (Original) The method of claim 1, wherein said membrane has a pore size of less 
than about 0.4 |im. 

10. (Original) The method of Claim 9, wherein said membrane has a pore size of less 
than about 0.2 jam. 



-11- 



Docket No. 
Application No. 
Filing Date 



LATTA.002C4 
10/823,263 
April 13,2004 



Customer No.: 20,995 



11. (Previously presented) The method of Claim 1, wherein said therapeutic dose is 
between one and two orders of magnitude higher than said tolerizing dose. 

12. (Cancelled) 

13. (Original) The method of Claim 1, wherein said administering step is 
intraperitoneal, intraportal or subcutaneous. 

14. (Original) The method of Claim 1, wherein said tolerizing dose is administered 
incrementally. 
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IX. EVIDENCE APPENDIX 

1 . Specification as filed; 

2. Office Action, mailed January 26, 2005; 

3. USP 6,703,01 7, first cited by the Examiner in the Office Action, mailed January 26, 2005; 

4. USP 5,425,764, first cited by the Examiner in the Office Action, mailed January 26, 2005; 

5. USP 5,629, 1 94, first cited by the Examiner in the Office Action, mailed January 26, 2005; 

6. Posselt et al., "Promotion of pancreatic islet allograft survival by intrathymic transplantation 
of bone marrow" Diabetes 1992, 41:771-775, cited by the Examiner in the Office Action, mailed 
January 26, 2005; 

7. Summary of Interview conducted March 21, 2005; 

8. Posselt et al. 1991 "Intrathymic islet transplantation in BB rats" Ann. Surg. 214:363-373, 
provided by the Examiner at the Examiner's interview on March 21, 2005; 

9. Response to Office Action of January 26, 2005, filed May 6, 2005 in 13 pages with 
Appendix I in 1 page and Appendix II, all made of record in the Office Action mailed June 16, 
2005; 

10. Appendix I - http://www.niaid.nih.gov/dait/NODmice.htm printout; 

11. Appendix II - Hanninen et al. 2003 "Development of new strategies to prevent type I 
diabetes: the role of animal models" Annals of Medicine 35:546-563; 

12. Dr. D. Scharp Declaration under 37 CFR §1.132, in 9 pages with Exhibits 1-5 in 4 pages, 
Exhibit A in 32 pages, signed May 4, 2006, filed May 6, 2005 and acknowledged by the 
Examiner in the Office Action mailed June 16, 2005; 

13. Office Action, mailed June 16, 2005; 

14. Response to Office Action of June 16, 2006, filed August 17, 2005 and made of record in 
the Final Office Action mailed November 3, 2005; 

15. Final Office Action, mailed November 3, 2005. 
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X. RELATED PROCEEDINGS APPENDIX 

There are no decisions rendered by a court or the Board in any related proceedings identified 

above. 
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AMENDMENT 



Mail Stop Amendment 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 223134450 

Dear Sir: 

In response to Office Action mailed January 26, 2005, and interview conducted March 
21, 2005 please amend the above-identified application as follows: 

Amendments to the Specification begin on page 2 of this paper. 

Amendments to the Claims are reflected in the listing of claims which begins on page 3 
of this paper. 

Summary of Interview begins on page 5 of this paper. 
Remarks/ Arguments begin on page 6 of this paper. 
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AMENDMENTS TO THE SPECIFICATION 
Please replace the Title of the Invention with the following title: 

A METHOD OF TREATMENT OF DIABETES THROUGH INDUCTION OF 
IMMUNOLOGICAL TOLERANCE 
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AMENDMENTS TO THE CLAIMS 

1. (Currently amended) A method of treating diabetes in a mammal in need 
thereof, comprising the steps of: 

implanting in said mammal a tolerizing dose of insulin-secreting cells from th e 
sam e speci e s as said mammal encapsulated in a biologically compatible permselective 
membrane; then 

administering to said mammal a curativ e therapeutic dose of corresponding 
imencapsulated insulin-secreting cells. 

2. (Original) The method of claim 1, wherein said mammal is a human, canine or 

feline. 

3. (Currently amended) The method of claim 1, wherein said tolerizing dose is one 
to two orders of magnitude less than said curativ e therapeutic dose. 

4. (Original) The method of claim 1, wherein said insulin-secreting cells are 
pancreatic islet cells. 

5. " (Original) The method of claim 1, wherein said membrane comprises 
polyethylene glycol. 

6. (Currently amended) The method of claim 1, wherein said tolerizing and 
curative therapeutic doses are comprise porcine cells . 

7. (Currently amended) The method of claim 1, further comprising the step of 
administering one or more anti-inflammatory agents to said mammal prior to, at the same time 
as, or subsequent to administration of said curative therapeutic dose. 

8. (Original) The method of claim 1, wherein said membrane has a molecular 
weight cutoff of about 1 50 kDa or less. 

9. (Original) The method of claim 1, wherein said membrane has a pore size of less 
than about 0.4 \im. 

10. (Original) The method of Claim 9, wherein said membrane has a pore size of less 
than about 0.2 |xm. 

11. (Currently amended) The method of Claim 1, wherein said curativ e therapeutic 
dose is between one and two orders of magniture magnitude higher than said tolerizing dose. 



o n 

Appl.No. 10/823,263 
Filed April 13, 2004 

12. (Original) The method of Claim 1, wherein said implanting step is subcapsular, 
subcutaneous, intraperitoneal or intraportal. 

13. (Original) The method of Claim 1, wherein said administering step is 
intraperitoneal, intraportal or subcutaneous. 

14. (Original) The method of Claim 1, wherein said tolerizing dose is administered 
incrementally. 
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SUMMARY OF INTERVIEW 

Exhibits and/or Demonstrations 

Experimental data showing that implanting a tolerizing (sub-therapeutic) dose of 
encapsulated insulin-producing cells into NOD mice prior to the animals developing diabetes 
protected these animals from diabetes for the rest of their natural lives as shown by their 
normoglycemia and lack of insulitis. 
Identification of Claims Discussed 

1-14 

Identification of Prior Art Discussed 

USP 6/703,017; 6,425,764; Posselt et al. Diabetes 1992 41:771-775. 
Proposed Amendments ■> 

None 

Principal Arguments and Other Matters 

The Applicant argued that claims 1-14 are non-obvious over USP 6,703,017 and 
6,425,764 in view of Posselt et al. Diabetes 1992 41:771-775. 
Results of Interview 

Applicant will provide Declaration showing the histology of the mice that were prevented 
from developing Type I diabetes. Applicant agreed to consider amending claims. The Examiner 
provided the correct copy of the Posselt et al. reference (i.e. 1991 An, Surg. 214:363-373). 
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REMARKS 



Claims 1-14 are pending. Claims 1, 3, 6, 7, and 11 have been amended. Support for the 
amendments can be found in the Specification as filed, for example, 8:30-31 and 9:26-27. The 
following addresses the substance of the Office Action and the Examiner Interview. 

1. Title of the invention is not descriptive 

The Examiner has requested amending the Title of the Invention to clearly indicate the 
invention to which the claims are directed. Applicant has now amended the Title accordingly. 

2. References in IDS not found in File 

Applicant has resubmitted the references previously submitted in the parent application in 
Applicant's co-pending Application No. 10/660,924 of which the present application is a 
continuation. Accordingly, pursuant to 37 CF.R. 1.98(d), additional copies of the references are 
not submitted in the present application. 

3. Compliance with 35 USC §112, second paragraph 

The Examiner has rejected Claims 1-14 under 35 U.S.C. 1 12, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
a pplicant regards as the invention. More specifically, the examiner has stated that there is 
insufficient antecedent basis for the limitation "curative" in the claim. During the interview on 
March 21, 2005, the Examiner indicated that the use of the term "therapeutic" would be 
acceptable. Applicant has now amended claims 1, 3, 6, 7, and 1 1 to recite the term "therapeutic" 
instead of "curative". Support for this amendment can be found on page 8, line 30-31 of the 
Specification as filed. Claim 6 was additionally rejected as being indefinite and ambiguous in 
the recitation of "wherein said tolerizing and curative doses are porcine", because "doses" can 
not be porcine. Applicant has amended claim 6 to read "wherein said tolerizing and therapeutic 
doses comprise porcine cells." Support for this amendment can be found in the Specification as 
filed, page 9, lines 26-27. Therefore, Claims 1-14 are now in compliance with 35 USC §112, 
second paragraph. 

4. Compliance with 35 USC §112, first paragraph 

The Examiner has rejected Claims 1-14 under 35 U.S.C. 1 12. first paragraph, as being not 
in compliance with the enablement requirement. The Examiner stated that the specification does 
not reasonably provide enablement for a method of treating Type I diabetes in a mammal 
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comprising implanting a tolerizing dose of insulin-producing cells encapsulated in a biologically 
compatible membrane and then administering a curative dose of corresponding unencapsulated 
insulin-secreting cells. According to MPEP 2164: 

"The test of enablement is whether one reasonably skilled in the art could 
make or use the invention from the disclosures in the patent coupled with 
information known in the art without undue experimentation." A patent need not 
teach, and preferably omits, what is well known in the art. "(2 164.01) 

There are many factors to be considered when determining whether there 
is sufficient evidence to support a determination that a disclosure does not satisfy 
the enablement requirement and whether any necessary experimentation is 
"undue." These factors include, but are not limited to: (A) The breadth of the 
claims; (B) The nature of the invention; (C) The state of the prior art; (D) The 
level of one of ordinary skill; (E) The level of predictability in the art; (F) The 
amount of direction provided by the inventor; (G) The existence of working 
examples; and (H) The quantity of experimentation needed to make or use the 
invention based on the content of the disclosure, "not everything necessary to 
practice the invention need be disclosed. In fact, what is well-known is best 
omitted. All that is necessary is that one skilled in the art be able to practice the 
claimed invention, given the level of knowledge and skill in the art." 

Here, the scope of the claims is a method of inducing tolerance to insulin-producing cells 

implanted in an animal, including human, for the therapeutic result of treating diabetes. Every 

element of claim 1 is well within the level of knowledge of a skilled artisan, e.g., implanting 

foreign cells is common practice by medical doctors specializing in transplants; encapsulating 

methods are also well-known to a person skilled in the art, and Patent 5,529,914 which has been 

incorporated by reference into the Specification as filed teaches methods of encapsulating cells 

for implantation; calculating tolerizing dose and therapeutic dose for a specific mammal is 

disclosed in Examples 1 to 7 as "one or two orders of magnitude less than a curative dose". 

These examples give the tolerizing dose and therapeutic dose for several important medical 

conditions as follows: 



Disease 


Cells 


Tolerizing Dose 


Curative (Therapeutic) 
Dose 


Support in the 
Specification 


Diabetes 


Islets/insulin 
producing cells 


100-2,000 islets/kg 
of body weight 

1,500 islets/kg of 
body weight 


10,000-20,000 islets/kg 
of body weight 

15,000 islets/kg of body 
weight 


12:26-30 
25:13-16 


Parkinson's 


Adrenal 

Chromaffin cells 


1,000 cells/kg of 
body weight 


10,000 cells/kg of body 
weight 


25:21-26 


Hemophilia 


Liver cells 


2,500 cells/kg of 
body weight 


5,000 cells/kg of body 
weight 


25:29-26:5 
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Disease 


Cells 


Tolerizing Dose 


Curative (Therapeutic) 
Dose 


Support in the 
Specification 


Liver 
Transplant 


Liver cells 


1,000 cells/kg of 
body weight 


Whole liver 


26:7-11 


Myasthenia 
gravis 


Neural cells 
expressing 
acetylcholine 
receptor 


2,500 cells/kg of 
body weight 




26:13-19 


General 




Between about 100 
cells/kg body weight 
and about 5,000 
cells/kg body weight 


Between about one and 
two orders of magnitude 
higher than tolerizing 
dose 


13:1-4 



Based on the guidance provided, a person skilled in the art would immediately know the 
dose required for their patient depending on the condition to be treated. Medical doctors 
routinely calculate dosages for patients by considering such factors, including but not limited to, 
weight, age, sex, degree of disease, etc. A curative (therapeutic) dose of implanted islets is well 
known in the field and a person skilled in the arts could readily calculate a one to two magnitude 
decrease in this dose to obtain the numbers for the tolerizing dose. 

The specification also provides experimental proof of principle, i.e. experimental data 
showing that an encapsulated insulin-producing cells given as a small mass insufficient by itself 
to induce normoglycemia permits a second, unencapsulated, implant of insulin-producing cells in 
a therapeutic dose to survive as shown by normalized blood glucose levels in the treated mice in 
which diabetes had been induced by intravenous injection of streptozotocin. See Example 1 . 

Neverthelesis, the Examiner is questioning the value of such evidence based on alleged 

lack of predictability of the treatment of diabetes in human from in vivo data obtained in murine 

models of diabetes. However, the Examiner is setting forth a much stricter standard than 

required by law. MPEP 2107.03 establishes the following: 

Evidence does not have to be in the form of data from an art-recognized animal 
model for the particular disease or disease condition to which the asserted utility 
relates. Data from any test that the applicant reasonably correlates to the asserted 
utility should be evaluated substantively. Thus, an applicant may provide data 
generated using a particular animal model with an appropriate explanation as to 
why that data supports the asserted utility. The absence of a certification that the 
test in question is an industry-accepted model is not dispositive of whether data 
from an animal model is in fact relevant to the asserted utility. Thus, if one 
skilled in the art would accept the animal tests as being reasonably predictive of 
utility in humans, evidence from those tests should be considered sufficient to 
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support the credibility of the asserted utility." 

In the Declaration by David Scharp, M.D. submitted under 37 CFR §1,132, additional 
data is presented which shows that the claimed method works in two murine models of diabetes: 
the streptozotocin-induced diabetic mice and in non-obese diabetic (NOD) mice. These are the 
two well-known and widely accepted murine models of diabetes. The multiple low-dose 
streptozotocin (MLDS) model of diabetes is characterized by progressive hyperglycemia and 
insulitis similar to. that observed in recent onset type I diabetics (Like and Rossini, 1976 Science 
193:415-417). The NOD mouse model also shares clinical serological and histo-immunological 
features with human type I diabetes (Bach, 1994 Endocrine Rev. 15:516-542). As in humans, the 
disease is characterized by infiltration of the pancreatic islets by immune cells, insulitis followed 
by destruction of the P-cells. Both models have been used extensively to study new therapies for 
diabetes. In fact, the NIH recognize the NOD mouse as THE model animal for diabetes and 
maintains a research colony and data base on these animals for researchers. The NIH state "The 
NOD mouse, which spontaneously develops type 1 diabetes, is a valuable animal model that is 
used extensively in research exploring the etiology, prevention, and treatment of this disease. It 
is a vital research tool for testing promising prevention and treatment strategies at the preclinical 
level" (http://www.niaid.nih.gov/dait/NODmice.htm, copy attached herein). 

The evidence in the Declaration reiterates the results provided in the specification 
showing that the claimed method is effective to permit survival of a therapeutic dose of insulin- 
producing cells and thereby effectively treating diabetes. See Declaration \ 6. Moreover, the 
Declaration also establishes that implantation of a sub-therapeutic, tolerizing dose of insulin- 
secreting cells is effective to create immunological tolerance to insulin-secreting cells, namely 
the host's own islet cells. Together these results establish that the claimed method of treating 
diabetes by tolerizing the host immune system prior to implanting the fully therapeutic dose of 
the insulin-producing cells works to permit the host to receive the fully therapeutic dose without 
rejection. See Declaration Iff 7-16. 

Therefore, using the proper standard set forth in the MPEP, the evidence provided by 
Applicant in the Specification and in the Declaration submitted herewith clearly supports that one 
skilled in the art would accept the murine models as reasonably correlating to the condition in 
human. 
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The Examiner also believed that undue experimentation would be required to determine 
screening and testing protocols. However, as is apparent from the claim, the goal of the 
invention is to treat diabetes, i.e. achieve and maintain normoglycemia. Methods for determining 
whether normoglycemia is present have been exceedingly well known for many years; only 
routine blood glucose monitoring would be required to demonstrate the efficacy of the claimed 
invention. 

5. Compliance with 35 ILS.C. 103(a) 

The Examiner has rejected Claims 1-4 and 6-14 under 35 U.S.C. 103(a) as being 
unpatentable over US Patent 6,703,017 or by US Patent 5,425,764, or US Patent 5,629.194 each 
in view Posselt et al. (1991 Ann. Sure. 214:363-373). Pursuant to MPEP 2143, in order to 
establish a prima facie case of obviousness three requirements must be met: First there must be 
some suggestion or motivation, either in the references themselves or in the knowledge generally 
available to one of ordinary skill in the art, to modify the reference or combine reference 
teachings. Second, there must be a reasonable expectation of success. Finally, the prior art 
reference (or references when combined) must teach or suggest all the claim limitations. In the 
case of the present invention, the cited references fail to suggest all of the claim limitations. 

The '017 patent describes implanting insulin-producing cells in a dose of about 8,000- 
12,000 islets/kg of patient's body weight (col. 14, lines 7-9) to create a pancreas-like structure in 
a human patient. Therefore, the implant in USP '017 is designed to treat diabetes by creating a 
live "insulin pump" in the body. Furthermore, Example 12 of USP '017 describes implanting 
5,000 islets per NOD mouse (this dose equals 200,000 islet/kg of body weight), which resulted in 
normoglycemia in these animals. The '017 patent does not teach or suggest implanting a dose of 
insulin-producing cells encapsulated in a biologically-compatible membrane prior to implanting 
the fully-therapeutic dose, wherein the tolerizing dose is at least one order of magnitude less than 
the therapeutic dose. 

US Patent 5,425,764 describes a method of using an implantable bioartificial pancreas 
device containing insulin-secreting islets, to supply an exogenous source of insulin to treat the 
symptoms of diabetes. Accordingly, the '764 patent requires implantation of a therapeutic dose 
of insulin-secreting cells, i.e. the dose necessary to achieve normoglycemia. As such, the '764 
Patent does not describe or suggest implanting a tolerizing dose of insulin-producing cells 
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encapsulated in a biologically-compatible membrane prior to implanting of folly therapeutic non- 
encapsulated dose, where the tolerizing dose is at least one order of magnitude less than the 
therapeutic dose. 

US Patent 5,629,194 describes a method of implanting embryonic porcine pancreatic non- 
insulin-secreting cells capable of proliferating in vivo and then secreting insulin after 
transplantation. The dose sufficient for the treatment of insufficient insulin activity is 100,000- 
500,000 aggregates, each containing 300-500 cells per human patient. This is a folly therapeutic 
dose. Thus, the 4 194 patent does not describe or suggest implanting a tolerizing dose of insulin- 
producing cells encapsulated in a biologically-compatible membrane prior to implanting of folly 
therapeutic non-encapsulated dose, where the tolerizing dose is at least one order of magnitude 
less than the therapeutic dose. 

Posselt et al. describes implanting unencapsulated islets into various areas of the body, 
liver, kidney, and thymus, of spontaneously diabetic BB rats. The only implantation site that 
showed survival of the implanted cells was the thymus. The intrathymic islet recipients were 
observed for a period close to the life span of the rat, without any recurrent diabetes. In 
additional experiments, approximately 100 days after the initial intrathymus transplantation, the 
transplanted rats were challenged with an extrathymic allogeneic islets, which remained intact 
even after removal of the thymus bearing the islet allografts. However, as the authors stated 
several times in this article, thymus is considered to be an immunologically privileged site and is 
subject to the usual biologic characteristics of such sites, in that prior sensitization of the host 
with skin allografts precludes prolonged survival of intrathymic islets (page 272, right column). 
The experiments, performed by Posselt et al. show just that, i.e. when allogeneic islets were 
transplanted into the thymus of recipients that had previously rejected donor strain skin grafts, 
the islets were destroyed in an accelerated manner, demonstrating that the intrathymic site is 
readily accessible to activated T cells (page 367 left column, and page 368, right column), and 
that no tolerance can be achieved using this protocol. Furthermore, Posselt et al. goes on stating 
that the achieved tolerization to intrathymic allografts is due to their direct influence on maturing 
thymocytes, which are more susceptible to tolerance-inducing signals, and that such 
"inappropriate" presentation of antigen by nonlymphoid cells induce a state of anergy in T cells 
(page 373). Therefore, Posselt et al. teaches away from using tolerizing dose of insulin- 
producing cells anywhere but thymus, and it does not teach encapsulating these cells. 
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Furthermore, as Dr. Scharp states in his Declaration submitted herewith, the BB rat has 
multitude of immunologic disorders that makes it more of a model for immune deficiency than 
for diabetes. Therefore, the BB rat is no longer considered an acceptable model for studying 
human autoimmune diabetes. This is also stated by Posselt et al: "BB rats are known to be 
significantly immunodeficient" (see page 365, left column, line 5-6). 

Here, the instant method is not limited to any specific implantation site for the tolerizing 
dose of encapsulated cells and still ensures survival of subsequently implanted un-encapsulated 
cells. Furthermore, opposite to Posselt et al., it works even in models where the immune system 
has already been sensitized. 

Therefore, none of the cited references suggest the claimed limitation that a tolerizing 
dose is implanted prior to a therapeutic dose. Accordingly, even when combined, these 
references do not teach all the limitations of the claimed invention. As such, the cited references 
fail to support a prima facie case of obviousness. Therefore, Claims 1-4 and 6-14 are in 
compliance with 35 U.S.C. 103. 

The Examiner has rejected Claim 5 under 35 U.S.C.. 103(a) as being unpatentable over 
US Patent 6,703,017 or by US Patent 5,425.764. or US Patent 5,629,194 each in view Posselt et 
al. (1991 Ann. Sure. 214:363-373) as applied to Claims 1-4 and 6-14, and further in view ofUSP 
5,529,914. Non-obviousness of the independent Claim 1 in view of US Patent 6,703,017 or by 
US Patent 5,425,764, or US Patent 5,629,194 each in view Posselt et al. is asserted above. The 
US Patent 5,529,914 discloses a method of encapsulating cells, but it fails to cure the deficiencies 
of US Patent 6,703,017, US Patent 5,425,764, US Patent 5,629,194, and Posselt et al. Therefore, 
Claim 5 is in compliance with 35 USC § 103(a). 
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CONCLUSION 

Applicants have endeavored to address all of the Examiner's concerns as expressed in the 
outstanding Office Action. Accordingly, amendments to the claims, the reasons therefor, and 
arguments in support of the patentability of the pending claim set are presented above. In light of 
the above amendments and remarks, reconsideration and withdrawal of the outstanding rejections 
is specifically requested. If the Examiner finds any remaining impediment to the prompt 
allowance of these claims that could be clarified with a telephone conference, the Examiner is 
respectfully requested to initiate the same with the undersigned. 

Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Account No. 1 1 - 1 4 1 0. 

Respectfully submitted, 

KNOBBE, MARTENS, OLSON & BEAR, LLP 

By: ^Q^ceP ^/^^ 

Daniel Altaian 
Registration No. 34,115 
Attorney of Record 
Customer No. 20,995 
(949) 760-0404 



Dated 



1700434 
050605 
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Non-Obese Diabetic (NOD) Mouse BAC Library 

The Wellcome Trust Sanger Institute (Cambridge, United Kingdom) recently released to the scientific 
community a Non-Obese Diabetic (NOD) mouse BAC library containing 240,000 clones obtained from 
the Diabetes and Inflammation Laboratory (Cambridge, United Kingdom). 

The NOD mouse, which spontaneously develops type 1 diabetes, is a valuable animal model that is used 
extensively in research exploring the etiology i prevention, arid treatment of this disease. It is a vital 
research tool for testing promising prevention and treatment strategies at the preclinical level. 

The Sanger Institute sequenced the complete NOD BAC library and used this resource to complete a 
physical map of the BAC clones. As a next step, they plan to sequence the 200,000 clones from the 
Pieter de Jong library (Children's Hospital, Oakland CA). These sequences will be aligned with those 
from the most recent version of the normal C57B1/6 (B6) mouse strain (a non-diabetic mouse strain) in 
an effort to identify single nucleotide differences between NOD mouse clone end sequences and the B6 
mouse genome. Investigators at the Sanger institute will usfc this sequencing information to identify and 
map candidate genes. Such information will guide efforts to isolate genes that contribute to the 
development of type 1 diabetes in humans. 

This research was conducted as part of the Immune Tolerance Network , which is jointly funded by the 
National Institute of Allergy and Infectious Diseases, the National Institute of Diabetes, Digestive, and 
Kidney Disorders (both part of the National Institutes of Health) and the Juvenile Diabetes Research 
Foundation. 
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Development of new strategies to prevent type 1 
diabetes: the role of animal models 

Arno Hanninen 1 , Emma Hamilton-Williams 2 and Christian Kurts 2 ' 3 



Type 1 diabetes is an immune-mediated disease typically 
preceded by a long preclinical stage during which a growing 
number of islet-cell-specific autoantibodies appear in the 
serum. Although antigen-specific T lymphocytes and 
cytokines rather than these autoantibodies are the likely 
executors of p-cell-destruction, these autoantibodies 
reflect trie existence of autoimmunity that targets islet p- 
cells. Abrogation of this autoimmunity during the pre- 
clinical stage would be the key to the prevention of type 1 
diabetes. However, the quest of protecting islet-cells from 
the immune attack requires detailed knowledge of mech- 
anisms that control islet-inflammation and p-cell-destruc- 
tion, and of mechanisms that control immune tolerance to 
peripheral self-antigens in general. This knowledge can only 
be obtained through further innovative research in experi- 
mental animal models. In this review, we will first examine 
how research in non-obese diabetic mice has already led to 
promising new strategies of diabetes prevention now being 
tested in human clinical trials. Thereafter, we will discuss 
how recent advances in understanding the mechanisms that 
control immune response to peripheral self-antigens such as 
P-cell antigens may help to develop even more selective and 
effective strategies to prevent diabetes in the future- 
Keywords: antigen-presentation; dendritic cells; disease prevention; 
immunological tolerance; non-obese diabetic mice; T-rymphocytcs; transgenic 
animal models; type 1 diabetes 

Ann Med 2003; 35: 546-563 
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Introduction 

Type 1 diabetes (T1DM) is the clinical manifestation 
of the loss of insulin production in the endocrine 
pancreas. This is caused by immune-mediated 
destruction of islet P-cells. T1DM is believed to be 
an autoimmune disease, based on several lines of 
evidence (1-9). Although an infective (e.g., viral) or 
other environmental (e.g., dietary) agent may well be 
involved in the initiation of the immune attack 
towards islet P-cells (10, 11), it is clear that the 
(auto) immune attack itself is a key element in disease 
pathogenesis (12). 

Immune responses against various islet-antigens 
appear even years before the clinical manifestation of 
TIDM, and precede the phase when sensitive meta- 
bolic tests first reveal attenuation in the function of p- 
cells (13). A number of islet-antigens are targeted by 
the immune system in TIDM, and cellular and/or 
humoral immune responses are detected against 
insulin, glutamic acid decarboxylase-65 (GAD 65), 
tyrosine phosphatase IA-2 and heat shock protein 60 
(hsp 60) (14-16). Studies on pancreas samples 
obtained shortly after onset of clinical disease (as 
biopsies or as autopsy material following fatal 
ketoacidosis) have revealed the existence of cellular 
infiltrates in islets consisting of lymphocytes and 
antigen-presenting cells (APC), reflecting the immune 
attack and selective destruction of insulin-producing 
p-cells (4-6). Although studies in humans have been 
essential in the characterization of the disease process 
and its target antigens, development of novel thera- 
peutic strategies requires studies also in experimental 
animal models. 

The rion-obese diabetic (NOD) mouse is the most 
widely used animd modet^^lBM (17). This inbred 
mduse stHtnHfs^ spontaneously 
develops autoimmune diabetes at High incidence. 
Aftlibugh NQI? mice harbour certain unique defects 
iti their immune system j(5U?h as lacjk of the murine 
honiolog of humai te^ 

and complement component C5 (19)) arid have a 
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Abbreviations and acronyms 


APC 


antigen-presenting ceil 


CTLA-4 


cytotoxic T-lymphocyte antigen-4 


DC 


dendritic cells 


GAD65 


glutamic acid decarboxytase-65 


GM-CSF 


granulocyte-macrophage 




colony-stimulating factor 


HLA 


human leukocyte antigen 


IA-2 


Islet-associated-2 (tyrosine phosphatase 




an autoantigen) 


IL 


interleukin 


IFN 


interferon 


hsp60 


heat shock protein 60 


LCMV 


lymphocytic choriomeningitis virus 


MHC 


major histocompatibility complex 


NKT 


natural killer cell-like T cell 


NOD 


non-obese diabetic mouse 


OT-! T cell 


OVA-specific CD8 T cell 


OVA 


ovalbumin 


PD-L1 


programmed death ligand 1 


RANK 


receptor for activation of NFkB 


RIP 


rat insulin promoter 


TGF 


transforming growth factor 


T1DM 


type 1 diabetes mellitus 


TCR 


T cell receptor 


TNF 


tumour necrosis factor 


TRAIL 


TNF-related apoptosis inducing ligand 


TRANCE 


TNF-related activation induced cytokine 


Treg 


regulatory T cell 



Key messages 

• Type 1 diabetes CnDM) is the clinical man- 
ifestation of immune-mediated destruction of 
insulin-producing p-cells which cannot be pre- 
vented yet. 

• Most of the current clinical trials aiming at 
T1DM prevention are based on strategies devel- 
oped in animal models. 

• Research with these animal models has 
recently generated essential information 
regarding the cellular and molecular mechan- 
isms regulating immune response to p-cells that 
can be used in the development of novel 
prevention strategies. 



strong gender bias in diabetes incidence towards 
ie?W^e : preponderance (20),. many of the important 
determinants are strikingly similar, including homo- 
logous susceptibility genes, major autoantigens, exis- 
tence of insulms atfd tte^ cells 
toll al^ individuals (21, 22) 

In this review, we will first describe how research in 
nofiTdbese diabetic mice has led tp the discovery of 
hew strategies of diabetes prevention that are now in 
(htirntfn clinical trials. Thereafter, we will focus on 
work in transgenic animal models of islet-autoimmu- 
nity and discuss how immune tolerance towards 
sequestered self-antigens such as P-cell antigens is 
maintained, and how the tolerant state can change 
into a pathogenic immune response. Emphasis will be 
given to work elucidating the cellular and molecular 
basis of this balance and on therapeutic approaches 
that aim at posing this balance away from patholo- 
gical autoimmunity. 



The NOD mouse - a platform for testing 
existing immunomodulatory agents in the 
prevention of spontaneous autoimmune 
diabetes 

Application of modern methods in molecular and cell 
biology to research on the mammalian immune system 



has allowed numerous receptor-ligand pairs and 
intracellular signalling pathways that regulate the 
function of lymphocytes and antigen-presenting cells 
to be identified. Through this research, an increasing 
number of antibodies and other reagents have become 
available for selective blockade or mimicking of the 
function of a specified molecule with a regulatory 
function. The NOD mouse is ideal for testing the effect 
on diabetes incidence of such agents. Thus, it forms a 
platform for identification and validation of potential 
drug targets and drugs in diabetes prevention. 

In fact, surprisingly many different manoeuvres 
(over a hundred or so) have been reported to delay or 
diminish diabetes incidence in NOD mice (17), Many 
of these lack direct relevance for prevention of T1DM 
in humans simply because of their experimental 
nature. However, several potentially relevant 
approaches have been identified (Table 1 and refer- 
ences therein). As will be discussed later, some of the 
earliest human trials based on these approaches have 
now given negative outcomes that could reflect 
differences between T1DM in humans and the corre- 
sponding syndrome in NOD mice. Mpwever, results 
of other trials are more consistent with those obtained 
in NOD mice and support the idea that the NOD 
.model can be used as a platform for testing various 
prevention protocols. Protocols applied in the NOD 
model have been based firstly on blocking the 
activation or function of T-lymphocytes or their 
subtypes and hence, of pathogenic effector cells, or 
their migration into pancreatic islets. Secondly, they 
have been based on administration of autoantigens in 
forms and schedules that are anticipated to enhance 
regulation of specific immune responses. Thirdly, 
numerous antigen-non-specific substances with 
immunomodulatory effects, or possible protective 
effect on (J-cells have been applied with often 
favourable outcomes. 
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genetic (that is, DNA) vaccination with plasrnids that 
encode an autoantigen (56). This strategy will be 
discussed later in this review. 

Current dinical trials based on strategies 
developed in NOD mice 

Strategies employed currently in clinical trials to 
prevent T1DM include the use of autoantigens in a 
tolerariC£^|o^ Trlympiocytes 
with antibody, protecting islet p-cells frorn,the action 
of _in|l|mjna^ non-specific stimula- 

tion of regulatory cell types Most of the ongoing 
trials, wfech are summarized in Table 2, are based on 
strategies developed in the NOD mouse. We will 
desert thejsc tp.ak shortly 

Anti-CD3 monoclonal antibody 

hOKT3yl [Ala-Ala] is a humanized non-activating 
anti-CD3 antibody engineered to lack Fc-Receptor 
binding domains (57). Preclinical studies in the NOD 
mouse showed that antibody treatment could effec- 



Table 1 «. Examples of protocols that prevent diabetes in NOD mice and have a relevant target mechanism. 

Antigen 

Protocol * Mechanism of action specificity Reference 

Treatment with an antibody against: 



CD3 


Depletion or inactivation of islet-infiltrating T cells/induction of 
regulatory immunity 


no 


(23,24) 


CD4/CD8 


Depletion/inactivation of CD4 or CD8 T cells 


no 


(25) 


TCR 


Depletion/inactivation of T cells 


no 


(26) 


CD86(B7.2) 


Interference with T cell activation 


no 


(27) 


CD45RB 


Interference with T cell activation 


no 


(28) 


CD40L 


Interference with T cell activation 


no 


(29) 


VLA-4 (oc4-integrin) 


Prevention of lymphocyte accumulation in Islets and/or activation of 
diabetogenic T cells 


no 


(30, 31) 


MAdCAM-1 


Prevention of lymphocyte accumulation in islets and/or activation of 
diabetogenic T cells 


no 


(32) 


ICAM-1/LFA-1 


Prevention of lymphocyte accumulation in islets and/or activation of 
diabetogenic T cells 


no 


(33) 


Treatment with: 








adjuvant (IFA) 


immune deviation 


no 


(34) 


vitamin D3 deriv. 


immune deviation 


no 


(35) 


otGalrceramide 


activation of regulatory NK T cells 


no 


(36) 


interjeukin 4 


immune deviation/regulatory cells 


no 


(37) 


interleukin-10 


immune deviation/regulatory cells 


no 


(38, 39) 


nicotinamide 


protection of target 0-cells against NO 


no 


(40) 


subcutaneous insulin 


Inactivation of pathogenic T cells 


yes 


(41,42) 


oral, intranasal or aerosol insulin 


Induction of regulatory T cells/inactivatlon of pathogenic T cells 


yes 


(43^46) 


insulin-encoding DNA-plasmld 


Induction of regulatory T cells/inactivation of pathogenic T cells 


yes 


(47) 


intranasal GAD peptides 


Induction of regulatory T cells/inactivation of pathogenic T cells 


yes 


(48) 


GAD-encoding DNA-plasmid 


Induction of regulatory T cells/inactivation of pathogenic T cells 


yes 


(49, 50) 


intrathymic GAD 


Deletion of GAD-specific T cells from the pool of circulating mature 
T cells 


yes 


(51) 


HSP60 


Inactivation of pathogenic T cells 


yes 


(52) 


p277ofHSP60 


Inactivation of pathogenic T cells 


yes 


(52) 



It is conceivable that targeting a subtype of T- 
lymphocytes or a costimulatory pathway will affect 
the immune system also on a general level and induce 
various side effects. Therefore, there has long been a 
quest to develop strategies that selectively target the 
immune effector cells or locally inhibit tissue destruc- 
tion. Accordingly, autoantigens (pro) insulin, GAD65 
and hsp-60 or their peptides have been administered 
without immune adjuvants and/or via tolerogenic 
routes, especially intravenously or via mucosal 
surfaces (orally, intranasally or inhaled as aerosol). 
Results of these experiments have been promising 
(Table 1 and references therein) and have already led 
to human clinical trials, as detailed below. Unfortu- 
nately, initial results of these trials have been less 
encouraging (see below). According to animal experi- 
ments, oral and intranasal administration of antigen 
can also lead to induction of cytotoxic T-cell 
immunity (53-55) that may counteract its tolerance- 
promoting effects. This might need more attention in 
current trials where autoantigens are administered via 
mucosal routes. In animal models, a promising new 
strategy to induce regulatory immunity and protec- 
tion from autoimmune diseases including diabetes is 
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Table 2. Currently ongoing clinical trials to prevent diabetes. 







Pvidanco from 

lnllUQIIVQ II VIII 






Trial 


Principle/hypothesis 


NOD mice 


Status 


Results 8 


hOKT-371 


Inactivation of T cells. Induction of regulatory immunity 


yes 


Phase Ml 


+ ■ 


p277ofHSP-€0 


Induction of tolerance towards one autoantigen 


yes 


Phase I 


+ 


insulin i.v. and s.c. b 


Induction of tolerance towards one autoantigen 


yes 


Phase II 


- 


insulin s.c. in adjuvant (IFA) C 


Induction of tolerance towards one autoantigen 


yes 


Phase II 


N.A. 


insulin via oral route 


Induction of tolerance towards one autoantigen 


yes 


Phase II 


N.A. ' 


insulin via intranasal route 


Induction of tolerance towards one autoantigen 


yes 


Phase III 


NA 


GAD 65 s.c. 


Induction of tolerance towards one autoantigen 


yes 


Phase II 


N.A. 


nicotinamide via oral route 


Protection of islet p^cells . 


yes 


Phase III 




IFN-cc 


Modulation of immune response 


yes 


Phase II 


N.A. 


Lactobacillus via oral route 


Stimulation of regulatory NK-T cells 


yes 


Phase I! 


NA 


Apf* of insulin B-chain 


Induction of tolerance to insulin 


yes 


Phase II 


N.A. 


Vitamin D3 derivative 


Modulation of immune response 


yes 


Phase II 


N.A. 


Exclusion of bovine proteins 


Avoidance of early immune response towards putative 


not directly 


Phase III 


NA 



from diet in infancy 'mimics*, of autoantigens and/or sensitization of 

immature gut to foreign proteins 



a Results: + positive, - negative results; N.A. results not available yet; b i.v. = intravenous administration; s.c. subcutaneous 
administration; c IFA = incomplete Freund's adjuvant; d Apl= altered peptide ligand. 

occasionally revert diabetes (52). The mechanism of 
action is believed to be stimulation of Th2 type hsp60- 
reactive T cells resulting in a change in the cytokine 
milieu away from inflammatory cytokines (62). 
DiaPep277 is the human form of this peptide, which 
has been modified at two residues to increase stability 
in vivo (63). In a randomised double blind phase II 
trial DiaPep277 was injected subcutaneously in 
mannitol and vegetable oil at 0, 1 and 6 months 
following entry into the trial (63). Adult male patients 
were on average 12-15 weeks post-diagnosis and were 
followed for only 10 months. At the end of the study 
mean C-peptide levels had been maintained in treated 
patients whereas they had fallen in controls. Insulin 
requirements were also significantly lower at 10 
months. Further phase II and phase III trials are 
now beginning based on these suggestive results. 

Subcutaneous insulin therapy 

Insulin has long been viewed as a primary target for 
tolerisation therapy in T1DM. It was shown that 
incidence of diabetes was significantly reduced in 
NOD mice given a low dose of prophylactic insulin 
from weaning until 180 days of age (41). Similar 
findings were also observed in the BioBreed rat, 
another animal model of T1DM (64). This phenom- 
enon was believed, to be due to * beta-cell rest* in which 
there was a lower requirement for insulin secretion by 
the beta cells and less release of islet autoantigens 
associated with insulin secretion. These findings 
paved the way to the establishment of the Diabetes 
prevention trial (DPT-1) in which either subcuta- 
neous or oral insulin was given to high risk relatives 
of T1DM patients. In the subcutaneous branch of the 
trial 84,228 relatives were assessed immunologically, 
metabolically and genetically for risk of disease 



tively 'cure' diabetic mice, restoring normoglycemia 
(24) or prevent disease development in pre-diabetic 
mice (58, 59). The antibody appears to bind to all 
CD3 expressing T-cells resulting in partial T cell 
receptor (TCR) signalling, which then has different 
outcomes depending on the cell type triggered. The 
overall outcome being killing or anergy induction in 
Thl type cells (producing interleukin-2 or interferon- 
y) and stimulation of Th2 type cells (cells producing 
interleukin-4 or interleukin-10) (60, 61) . In an inter- 
vention trial, a 14 day course of intravenous hOKT3- 
yl[Ala-Ala]) was used in recent onset (within 6 
weeks) T1DM patients and followed for one year. 
Treatment resulted in sustained or improved C- 
peptide responses in 9 out of 12 treated patients 
compared with a sustained response in only 2 out of 
12 control patients. Treated patients also needed 
significantly less insulin over the year following 
diagnosis. A transient depletion (36%) of lympho- 
cytes followed antibody treatment, which later 
returned to normal levels. Responding patients had 
a decreased ratio of CD4:CD8 T cells after repopula- 
tion. Mild side effects included anti-idiotype anti- 
bodies, mild fever and an eczematous dermatitis-like 
rash. This trial is now being expanded to a multi- 
centre phase II trial involving about 80 patients after 
these promising results. Further details are available 
at http://www.immunetolerance.org/research/ 
autoimmuhe/trials/heroldl .html 

Hsp-60 peptide p277 

One of the many self antigens, which are reacted 
against in T1DM, is heat shock protein 60. NOD 
mice contain autoreactive T cells specific for peptide 
277 derived from this protein and immunisation of 
adult NOD mice with this peptide could prevent and 
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development over 5 years (DPT-T1D study group 
2002). A group of 169 high risk (>50% over 5 years) 
relatives then underwent intervention of daily s:c. 
insulin injections and 170 controls received no 
treatment. The incidence of diabetes after 5 years 
was identical in both groups (69 versus 70 diabetic 
subjects). The reason for the negative outcome in the 
DPT-1 trial compared with the positive results in 
animal models and a pilot trial in humans (65) is 
unknown. It may be due to the dosage protocol or the 
difference in time of intervention. In mice, therapy 
began at a young age before the development of 
insulitis whereas relatives were selected on the basis 
of showing signs of autoimmunity (presence of islet 
autoantibodies) already. 

Mucosal insulin 

The second part of the DPT-1 trial is ongoing and 
used the •intermediate' risk (25% -50% risk of 
developing T1DM over 5 years) relatives of T1DM 
patients. Patients receive continuous oral insulin or 
placebo and are being followed for 6 years for 
diabetes development. This intervention was not 
predicted to prevent diabetes by 'beta-cell rest' as 
subcutaneous insulin was but rather through active 
j tolerisation upon antigen uptake at a mucosal surface 
(66). In NOD mice, an active (transferable), form of 
tolerance can be induced by feeding mice insulin but it 
is highly dose-dependent (43, 44). Therefore it is likely 
that in transferring this therapy to the human 
situation the dosage protocol will be critical. 

A second major trial, the diabetes prediction and 
prevention project (DIPP), also seeks to tolerise 
individuals predicted to have a high risk of progres- 
sion to T1DM by mucosal insulin administration. In 
this study babies are screened at birth for genetic HLA 
markers predisposing them to TlDM and then 
undergo immunological follow up. At risk children 
are then enrolled in a prevention trial to test 
intranasal insulin versus placebo for its ability to 
prevent or delay disease onset over three years. 
Aerosol insulin and intranasal insulin peptide admin- 
istration have both been shown to be efficacious in 
prevention of diabetes in the NOD model (45, 46), 
although intranasal antigen administration has also 
been shown to induce potent cytotoxic T-cell immu- 
nity (€7). For further details, see http://www.utu.fi/ 
research/dipp/engdexx.htm 

Subcutaneous insulin B chain in IF A 

Another trial also attempts to induce tolerance to the 
metabolically inactive B chain of insulin by subcuta- 
neous injection in Incomplete Freunds Adjuvant 
(IFA). In the NOD mouse, subcutaneous insulin or 
insulin B-chain given in IFA generated a transferable 

© 2003 Taylor & Francis. ISSN 0785-3890 



suppressive effect (42). In this study patients with 
insulin autoantibodies receive one injection within 
one month of diagnosis of TlDM and will be 
followed for two years. For further details, see 
http://www.immunetolerance.org/rescarch/autoim 
mune/trials/orbanl .html 

Subcutaneous GAD65 in alum 

An important early autoantigen in diabetes in both 
the NOD mouse and humans is GAD65 (51). A phase 
II trial will test the ability of recombinant GAD 65 in 
alum to halt disease progression in recent onset 
patients. The vaccine called Diamyd will be injected 
subcutaneously two times four weeks apart in a 
range of doses. For further details, see http://www. 
diamyd.com/docs/research.html . 

Nicotinamide 

A different approach, which is not antigen specific, 
attempts to use high doses of the B-vitamin nicotina- 
mide to prevent or delay TlDM onset. Nicotinamide 
acts on the islet beta cells themselves making them 
more resistant to autoimmune attack. Nicotinamide 
is thought to primarily target the enzyme poly(ADP- 
ribose) polymerase (PARP) which is upregulated early 
after exposure to nitric oxide or reactive oxygen 
intermediates. Such exposure causes depletion of 
intracellular nicotinamide adenine dinucleotide 
(NAD + ) and results in death of sensitive cell types 
such as beta cells (68) . Early nicotinamide treatment 
of NOD mice prevented diabetes partially and 
reduced insulitis severity (40). The results of initial 
clinical trials (69-71) have been controversial, since, 
while Chase et al. reported no effect of oral admin- 
istration of nicotinamide, both Mendola and colla- 
borators and Pozzilli et al. observed an increased 
stimulated C-peptide secretion in postpuberal 
patients on nicotinamide. 

Nicotinamide has also been used in prevention 
trials with relatives of TlDM patients. One German 
study of 25 nicotinamide treated and 30 placebo 
control subjects showed no effect on disease progres- 
sion (72). However, a larger study in New Zealand 
involving schoolchildren who had islet-cell autoanti- 
bodes obtained results that suggested a protective 
effect (73). The European nicotinamide diabetes 
intervention trial (ENDIT) is a larger clinical trial 
involving 552 high-risk relatives taking daily oral 
nicotinamide or placebo. For further details and for 
the recently disclosed negative results of this trial, see 
http://www.bris.ac.uk/Depts/DivMed/endit.html 

Interferons 

One successful strategy to prevent disease in the NOD 
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mouse involves altering the cytokine milieu to an anti- 
inflammatory, i.e., interleukin (IL)-4 and IL-10 con- 
taining environment. This has been done by injection 
of these cytokines, transgenic expression or by 
stimulation of cells which can produce them endogen- 
ous ly. Brdd and co-workers have fed NOD mice with 
interferon-a, which suppressed diabetes and stimu- 
lated mitogen induced IL-4, IL-10 and interferon 
(IFN)-y production in splenocytes (74). This was then 
trialled in 10 newly diagnosed T1DM patients 
resulting in preserved beta-cell function in 8 of these 
patients after 12 months (75); This study has now 
been expanded to a larger phase II trial involving 120 
newly diagnosed patients taking oral IFN-a daily. It is 
unclear however what the exact mechanism of this 
therapy is, as interferon administered orally does not 
appear to be adsorbed into the bloodstream (76). 
Additionally, the presence of transgenically expressed 
IFN-a in the islet beta cells themselves actually 
precipitates diabetes (77). As such it is possible that 
interferon-a acts on lymphocytes in the gut, which 
then circulate to have a wider regulatory effect. 

Oral administration of lactobacillus 

Another study also attempts to modulate the immune 
response via the gut. Maclaren and co-workers are 
conducting a trial of oral lactobacillus in recently 
diagnosed T1DM patients. They propose that this 
will stimulate natural killer cell-like T (NKT) cell 
activity as administration of lactobacillus plantarum 
to children with HIV boosted this cell-subset (78). 
NKT cells are a regulatory-cell subset which have 
been reported to be deficient in T1DM patients (79, 
80) although a more recent study utilising a more 
direct tetramer based method of identifying NKT 
cells refutes this claim (81). In the NOD mouse both 
transfer of this cell subset or injection of a glycolipid 
ligand to activate existing NKT cells can prevent 
diabetes (36, 82, 83). Lactobacillus casei feeding to 
NOD mice prevents disease (84) and various lacto- 
bacilli strains have been shown to be strong stimula- 
tors of IL-12 and IL-10 (85). However, strong 
evidence of lactobacillus stimulation of NKT cells 
has yet to be demonstrated. 

Altered peptide ligand NBl-6024 

An interesting antigen specific therapy involves the 
identification of peptides with similar sequences to 
immunodominant epitopes, which have modulatory 
activity. In the NOD mouse peptide 9-23 of the insulin 
B chain is recognised by a large proportion of 
pathogenic CD4 T-cells derived from the insulitic 
infiltrate (86-88). Alleva and colleagues searched 
for peptide analogues of B (9 . 23) which could inhibit 
B(9-23) specific T-cell responses and used one of these, 



NBI-6024, to test its therapeutic effect in the NOD 
mouse (89). Therapeutic altered peptide ligands are 
thought to function as competitive inhibitors of the 
native peptide by having a high binding affinity for 
MHC while concurrently engaging the TCR in a non- 
productive manner (90). They have also been shown 
to be effective in stimulating regulatory cell subsets, 
which can transfer protection between animals (91). 
The altered peptide ligand NBI-6024 is now being 
used in a large phase II study in which new onset 
T1DM patients will receive monthly injections of this 
medication at three different doses for two years. 

1,25-Dihydroxy-Vitamin D3 

The activated form of vitamin D3, 1,25-Dihydroxy- 
Vitamin D3, has been shown to act directly on the 
immune system via specific receptors on APCs and 
activated T cells (92). Its effects are immunosuppres- 
sive and include inhibition of IL-2 and IL-12 produc- 
tion and Thl-type responses (93). Importantly 1,25- 
Dihydroxy- Vitamin D3 has been shown to inhibit 
dendritic cell maturation, both in vitro and in vivo 
(94,95). Administration of an analogue of 1,25- 
Dihydroxy- Vitamin D3 to NOD mice significantly 
reduced the incidence of diabetes (96) and enhanced 
the number of CD4 + CD25" 4 * cells of regulatory 
phenotype in the pancreatic lymph node (97). 1,25- 
Dihydroxy-Vitamin D3 administered daily for 9 
months in recently diagnosed T1DM patents is being 
trialled in a German study. For further details on this 
trial see http://www.roche.com/pages/downloads/ 
sdence/pdf/rtdcmannh02-3.pdf 

Withdrawal of cow's milk proteins from diet during 
infancy . 

According to one hypothesis (not directly derived 
from findings in NOD mice), exposure of the 
immature digestive tract in infancy to casein or other 
proteins in cow's milk formula or soy-based formula 
has a role in the early pathogenesis of type 1 diabetes. 
A casein-free diet has been tested in the NOD mouse 
after weaning and Was shown to be effective in 
preventing diabetes (98), Although contradictory 
.results were achieved from previous studies in 
humans evaluating whether introduction of formula 
during infancy is associated with the development of 
type 1 diabetes later in life (99, 100), a larger phase III 
clinical trial called TRIGR (Trial to Reduce IDDM in 
the Genetically at Risk) has been initiated to test if the 
hypothesis holds true or not. Infants that are 
determined to have a high risk of developing type 1 
diabetes are eligible. After weaning from breast- 
feeding, they will receive hydrolyzed formula that 
does not contain intact proteins, or standard cow's 
milk-based formula. Infants will have at least a two- 
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month exposure to the study formulae and then will 
be monitored for up to ten years. For further details, 
see http://www.trigr.org/about.html 

Transgenic mouse models in the study of T cell- 
mediated autoimmunity against pancreatic 
islets 

Investigations in humans with T1DM and studies 
performed in the NOD mouse model have clearly 
demonstrated the crucial role of autoreactive CD4 
helper and CD8 effector T cells in the pathogenesis of 
autoimmune diabetes (101). In NOD mice, numerous 
autoantigens are recognized by these T cells (see 
above). The relevance of these antigens for disease 
initiation and progression, and the mechanisms of 
their processing and presentation, however, are still 
unclear. Consequently, techniques and tools other 
than the NOD model had to be developed. The most 
valuable models were generated by genetically intro- 
ducing well characterized model antigens into islet-P- 
cells, under the assumption that such neoantigens will 
be handled like endogenous islet antigens by the 
immune system (102). Transgenic neoantigens, how- 
ever, are often aberrantly expressed in the thymus, 
resulting in the deletion of endogenous transgene- 
specific T cells. This problem could be overcome by 
intravenous injection of specific T cells, which are 
usually obtained from congenic T cell receptor - 
transgenic mice. Since their antigen (the model 
autoantigen) is not expressed in the donor mice these 
T cells are not negatively selected in the thymus. 
Importantly, the absence of antigen during T cell 
development ensures a completely naive phenotype of 
the autoreactive T cells. This is crucial because it 
allowed, for the first time, investigation of the 
activation of T ceils specific for a pancreatic self 
antigen in vivo (103). The other major advantage of 
adoptive transfer experiments is the ability to label 
the T cells with fluorescent dyes prior to injection, 
which allows them to be easily tracked in vivo. This 
technique can also reveal their activation and pro- 
liferation through analysis of cell division (104, 105). 
These innovations allowed many important aspects of 
T cell-mediated autoimmune responses to be 
addressed, including the site of activation of the 
autoreactive T cells, the influence of their numbers, 
their fate and the type of antigen-presenting cell 
responsible. Although parameters such as T-cell 
affinity and epitope spreading and recruitment of 
other autoreactive T cell clones are not taken into 
account, this approach has added considerably to our 
knowledge of immune-mediated destruction of islet 
p-cells by allowing us to dissect the actions of relevant 
components and their interactions which finally result 
in disease (102). 



The approach described above has been particu- 
larly successful in elucidating the role and physiology 
of CD8 T effector cells. As compared to CD4 T helper 
cells, CD8 T cells are difficult to maintain in vitro as 
T cell lines, mainly because of their cytotoxicity. They 
quickly destroy APCs in vitro, and thus deprive 
themselves of antigenic survival signals. Furthermore^ 
the MHC class I molecules, which are recognized by 
CDS T cells, are expressed by nearly all murine cells, 
including T cells, so that CD8 T cells could 
potentially kill each other in vitro. These problems 
were overcome by generating naive, and therefore 
unarmed CD8 T cells in transgenic donor mice. Such 
T cells became cytotoxic only after transfer into 
recipient mice expressing antigen. Transgenic CD 8 T 
cells specific for certain MHC class I molecules were 
first generated (106). These T cells were introduced 
into transgenic mice expressing MHC I molecules 
under the influence of the rat insulin promoter (RIP) 
in pancreatic islet cells. This resulted in immune 
tolerance, unless the T cells were supplied with 
inflammatory mediators (107). These experiments 
demonstrated that autoreactive CD8 T cells can in 
principle destroy p-cells and cause diabetes (102) 
although their specificity for antigenic peptide was 
unclear. Therefore, they did not allow investigation 
of the processing of islet antigens. This limitation was 
overcome in the next generation of CD8 T cell 
transgenic systems. The first of these models, the 
RIP-mOVA model, expressed ovalbumin (OVA) as a 
model antigen in pancreatic islet cells. OVA-derived 
peptides could be detected with transgenic QVA- 
specific CD 8 and CD4 T cells derived from OT-I and 
OT-II mice, respectively (OT-I and OT-II refer to the 
transgenic OVA-specific T cells, called OT-I and OT- 
II cells, that are produced by these transgenic mice). 
These experimental systems demonstrated clearly 
that both naive CD4 and CD8 T cells with specificity 
for a pancreatic self antigen are activated by dendritic 
cells in the pancreatic lymph nodes, and not in the 
islets (108) (Fig 1). The DCs presumably took up p- 
cell antigens in the islets and carried them to the 
pancreatic lymph node for presentation to riai've T 
cells. In the case of CD8 T cells, these results 
demonstrated so-called cross-presentation, which 
denotes the presentation of extracellular antigens 
with MHC I molecules to CD8 T cells. 

Since then, numerous observations of cross-pre- 
sentation and cross-priming in vivo have been 
described, not only of transgenic self-antigens in 
models like the RIP-mOVA or the hemagglutinin 
system (109), but also of tumour (110) and viral 
antigens (111, 112). Thus, the basic mechanisms of 
antigen presentation and T-cell activation in vivo that 
were uncovered in transgenic systems have been 
verified for many 'natural' antigens. This is not 
surprising, because indirect presentation of antigen 



© 2003 Taylor 8c Francis. ISSN 078S-3890 



Annals of Medicine 35 



Strategies to prevent T1DM 



553 



1. DCs carry pancreatic antigen 
through afferent lymphatics 
to pancreatic LN 



4. Effector phase 
against pancreatic 
islet P cells 




2. Presentation to 
naive T cells; 
cross-presentation 
to CD8 T cells 



Release of acti- 
vated CD4 and 
CD8 T cells into 
bloodstream 

Figure 1. Antigen capture by dendritic cells in islets and their migration to the pancreatic lymph node for presentation of 0-cell antigens to 
T lymphocytes. Antigen-presentation via both MHC II and MHC I pathways enables both CD4ahd CD8 T cells to be activated. Activated T 
cells can enter non-tymphoid tissues such as pancreatic islets in search for antigen-expressing target cells (see text for details). 



to T cells - both to CD4 and/or CD8 T cells - offers 
advantages to the immune system in the battle against 
infections antigens. Only indirect antigen presenta- 
tion (in the case of CD8 T cells, cross-presentation) 
allows an immune response to be mounted against 
viruses that functionally compromise, or simply avoid 
antigen-presenting cells (103). 

These basic mechanisms of antigen presentation, 
which were uncovered in model systems such as the 
RIP-mOVA system, were found to be important also 
for the pathogenesis of diabetes in NOD mice, in 
which CD 8 T cells have emerged as important 
mediators of disease (113-117). TCR-transgenic 
NOD mice have been generated, and in many of 
these, the CD 8 T cells destroyed pancreatic islets, 
whereas the CD4 T cells played more or less relevant 
helper roles (115, 118, 119). In NOD mice, autoreac- 
tive CD4 T ceils appear to play an important role in 
diabetogenesis, and also their activation occurs in the 
pancreatic lymph nodes (120). Interestingly, presenta- 
tion of autoantigen to autoreactive CD4 and CD8 T 
cells is age-dependent. It did not occur in very young 
animals (120), suggesting that developmental changes 
in the pancreatic tissue cause the release of autoanti- 
gens to the pancreatic lymph node. In this respect, a 



wave of physiological apoptotic p-cell death, which 
occurs in rodents at 14-17 days after birth (121), and 
in humans at birth (122), may be relevant. During 
such a wave, autoantigens are released from apoptotic 
islet cells and may activate autoreactive T cells with 
specificity for p-cell antigens (101, 123). Antigens 
released from apoptotic cells are taken up particularly 
well by dendritic cells (124-126) and normally, induce 
T cell tolerance (127). Why antigen-presentation 
results in autoimmunity in some individuals is not 
known, but inflammatory signals caused by accom- 
panying infections (128), differences in the T cell 
repertoire, genetic susceptibility differences and dys- 
regulated cellular death may be involved. Also, 
unphysiological p-cell death might cause the release 
of islet antigens in an immunogenic setting, and 
induce autoimmunity rather than tolerance (101). 
Tissue remodelling and replacement of P-cells occur 
also later. In the RIP-mOVA system, pancreatic tissue 
antigens were observed to be constantly shuttled to 
the draining lymph nodes of adult animals, where 
they were presented to autoreactive T cells (108* 120). 
These T cells indeed caused diabetes, but only when 
their precursor frequency was unphysiologically high 
(103). Physiological numbers of T cells were tolerized 
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by deletion before they could destroy all p-cells. Thus, 
cross-presentation of pancreatic self-antigen led to 
deletional CD 8 T-cell tolerance, which was termed 
cross-tolerance (129). Cross-tolerance has also been 
shown in other transgenic systems, and its mechan- 
isms have been elucidated (109). However, in some 
systems, most notably in those examining antigens 
derived from the lymphochoriomeningitis virus 
(LCMV), specific CD 8 T cells ignored this self antigen 
(130) but were not deleted. One possible explanation 
is that various antigens are handled differently by the 
immune system. In this case, however, pathogens 
might easily evolve strategies to escape immune 
surveillance. An alternative explanation came from 
studies investigating the influence of antigen dose on 
cross-presentation. Only high antigen levels were 
cross-presented and induced cross-tolerance (131- 
133) while low dose self antigens were ignored, in 
which case the immune system must rely on ignorance 
to avoid autoimmunity. Thus, the level of antigen 
expression appears to determine the mechanism by 
which CD8 T-cell mediated autoimmunity is 
avoided. 

Ignorance of self antigen allows autoreactive T 
cells to survive within the T cell repertoire. Such T 
cells could theoretically unleash their destructive 
potential if they were activated by other means, for 
example by pathogens that are similar in antigenic 
structure. This sword of Damocles has first been 
demonstrated in the LCMV system, where mice 
expressing determinants of the LCMV virus in 
pancreatic islets became diabetic after infection with 
the virus (134—135). Such a mechanism may explain 
why immune diseases are often observed after viral 
infections. Direct evidence for antigenic mimicry as a 
mechanism of diabetes induction, however, is scarce 
(136). In contrast to ignorance or to the induction of 
anergy or TCR downregulation in autoreactive T 
cells (137, 138) deletion of autoreactive T cells 
removes the threat of autoimmunity permanently 
by eliminating potentially harmful effectors. How- 
ever, this mechanism can also fail, for example if the 
precursor frequency of the autoreactive CD8 T cells 
is too high, or when autoreactive CD4 T cells are 
present (103). Transgenic CD4 T cells specific for 
islet self-antigens appear to be less efficient as direct 
mediators of diabetes than CD8 T cells (139,140). 
However, they act by delaying the deletion of CD8 
effector T cells (139), by mediating their entrance 
into pancreatic islets (115) or by supporting their 
effector phase in the islets (107). But also the CD4 T 
cells themselves are subject to peripheral tolerance. 
CD4 T cells can be deleted (141) or functionally 
silenced (137). Also Thl-»Th2 diversion may 
happen (142) and regulatory CD25+ CD4 T cells, 
that actively suppress immune responses (143) can be 
generated. 



Molecular mechanisms regulating Immune 
response to islet-antigens 

As described above, antigens derived from islet- p- 
cells are under continuous surveillance by the immune 
system. Whether this antigen-presentation leads to 
expansion of islet-specific T lymphocytes and to the 
development of anti-islet immunity (Fig 1) - or to 
their silencing - is of crucial importance. Molecular 
mechanisms underlying this distinction are gradually 
becoming unravelled. Signalling via cytokine- and 
costimulatory receptors is of particular importance 
(144-147), For example, expression of the costimula- 
tory ligand B7.1 or TNF-oc on islets, and signalling 
between CD40L and CD40 can lead to the breakdown 
of the tolerant state to islet-antigens, as has been 
shown in NOD mice by antibody treatments and by 
expression of TNF-oc or B7.1 on P-cells (148-150). 
The action of TNF-cc depends, however, on the timing 
of its action and can also suppress P-cell destruction 
(149,150). 

The TNF- and TNF-receptor families include 
several members that may still turn out to be 
important in the regulation of islet-immunity. A good 
example is the demonstration that signalling through 
the TRANCE-RANK receptor-ligand pair is involved 
in the generation of CD25 -f CD4+ regulatory T cells 
in the pancreatic lymph node (151). These cells were 
shown to be able to restrain diabetogenic CD8 
effector T cells. The existence of regulatory T cells 
seems to be controlled by costimulatory molecules, 
because in the NOD mouse, lack of B7-2 or CD28 
leads to acceleration of diabetes via impaired action 
of CD25+ CD4 regulatory T cells (152). 

Functional silencing, that is 'anergy*, is tradition- 
ally considered to result from TCR-ligation without 
simultaneous costimulation but may in fact require 
costimulation. Accordingly, CTLA-4 is an important 
negative regulator of the activity of T cells (153), and. 
abrogation of its function leads to acceleration of 
diabetes in BDC2.5 NOD mice (153). Also regulatory 
cells including CD25 + CD4 cells (143) and Tregl cells 
(154), are partly anergic themselves. Cytokines IL-10 
and transforming growth factor (TGF) -p, produced 
by regulatory T cells, are important in peripheral 
tolerance via their inhibitory actions on dendritic cell 
activity and on T cell proliferation and differentiation 
(155, 156). Which role these regulatory cells play in 
human disease is not yet clear but is under intensive 
research. 

Receptors that recognize pathogen-associated mol- 
ecular patterns (PAMP) and are thus called pattern 
recognition receptors (PRR) are also important in the 
generation of immune responses (157). These recep- 
tors are expressed on cells of the innate immune 
system including dendritic cells and couple with 
intracellular signal transduction pathways that reg- 
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ulatc gene expression. Binding of a ligand (i.e., a 
foreign pathogen) to such receptors can thus upregu- 
late various functions of dendritic cells. Although it is 
quite unclear if PRR have any role in the pathophy- 
siology of islet-specific autoimmunity, these receptors 
and their signalling pathways deserve attention when 
attempting to manipulate antigen presentation in 
pancreatic lymph node. 

Consequently, costimulatory and/or death-recep- 
tors and cytokines expressed by the cells of our 
immune system form an intricate network of inter- 
. acting receptors and ligands that influence the fate of 
islet-reactive T lymphocytes. This network contains a 
multitude of potential drug targets for attempts to 
restore tolerance to peripheral tissue antigens such as 
islet-antigens, some of which are depicted in Figure 2, 



Selective modulation of immune response to 
islet-antigens 

Restoration of tolerance to islet P-cells without 
compromizing general immune function requires that 
immunomodulation selectively targets the immune 
response to P-cells. So far, tolerance has been induced 
experimentally by introducing the antigen in a con- 



trolled fashion, i.e., without adjuvants, as a soluble 
protein and preferably via mucosal surfaces or the 
intravenous route (158, 159). As discussed above, the 
prospects of these manipulations as immune therapy 
to diabetes, however, remain very uncertain. Toler- 
ance can also be induced in T cells specific for any 
given antigen by complexing antigenic peptides with 
MHC molecules to produce Custom-made' T cell 
receptor ligands that are administered without adju- 
vants and thus in the absence of costimulatory signals 
(160, 161). This, however, requires detailed knowl- 
edge of the immunodominant epitopes of the antigen, 
and when effective, is likely to be strictly restricted to 
a narrow specificity of T cells that may not alone be 
responsible for disease pathogenesis. Thus, multiple T 
cell receptor ligands would need to be administered 
unless some of them would be able to induce active 
regulatory immunity (161). 

Current knowledge of the cellular and molecular 
mechanisms underlying regulation of peripheral 
tolerance to islet-antigens suggests that new strategies 
of therapeutic manipulation of the detrimental islet- 
specific immune response await to be discovered. This 
would, however, require novel ways of introducing 
islet-antigens to the immune system in a way that 
would allow a tolerance-regulating mechanism to be 



1. activated DC 




inflammation CD4 helper T cell 

*^S| CD40L/ — 

pathogen^ \^/ + J™™<* 
+ V 



immature 





induction of 



cytotoxic 
effector 
® T cells 

© © 



activation 



2. immature /semimature DC 



no activation 




death of 



® 

®<$fe> responding 
* CDSTcells 



AAAAA/WWWVWVN 

CD4 helper T cell 
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introduced simultaneously with the antigen in a 
strictly localized manner. Because T cells recognize 
antigen only when appropriately presented to them, 
this is possible only during T-cell interaction with an 
antigen-presenting cell or a target cell. In type 1 
diabetes, the target cells (i.e., islet-0 cells) are 
obviously beyond selective manipulation unless xeno- 
transplantation of pig islets derived from transgenic 
pigs (whose islets would be made to express immuno- 
modulatory agents) is considered relevant as a 
treatment option. Interaction with an APC which is 
presenting an autoantigen is the other antigen-specific 
interaction that a diabetogenic T cell commits itself 
to. Therefore, immunomodulation should probably 
be targeted here. If this APC cell were made to express 
an immunomodulatory agent, it could perhaps 
selectively target this agent to the T cell that is 
engaged with it via its antigen-specific receptor (162). 
This might re-direct the T cell to a less aggressive 
behaviour instead of its expansion and maturation 
into a clone of islet-destructive T cells. The immu- 
nomodulatory agent could be a death-inducing ligand 
such as FasL, TRAIL, TNF or PD-Ll (163-165). 
Experimental evidence suggests that expression of 
FasL on dendritic cells renders them tolerogenic (166, 
167) although this may not always happen (168). In 
fact, we have observed that ligation of Fas during T 
cell contact with dendritic cells costimulates a 
fraction of the responding T cells (169) which could 
complicate its effects as a death-ligand. For other 
death-receptor ligands, data do not yet exist. 

Alternatively, the immunomodulatory agent could 
be a cytokine such as IL-10 or TGF-P, because these 
cytokines regulate the costimulatory activity of the 
antigen-presenting cell and proliferation and polarity 
of the responding T cell as discussed above (155, 156). 
For therapeutic purposes, this type of targeted 
immunomodulation could be achieved by in vitro- 
treatment of autologous antigen-presenting cells with 
the immunomodulatory agent together with the 
antigen before re-injection, or by genetic modification 
to make these cells express the immunomodulatory 
agent themselves. Also, although B lymphocytes as 
well as monocytes can present antigen to T cells, 
dendritic cells would likely suit best to be used as 
modified antigen-presenting cells. This is because only 
dendritic cells are able to induce a response both in 
naive and antigen-experienced T cells (170), and 
because B lymphocytes have an intrinsic property of 
directing islet-reactive T cells into diabetogenic 
behaviour at least in the NOD mouse (171, 172). 

Modification of antigen-presentation from 
dendritic cells - a therapeutic option? 

Dendritic cells can be propagated from peripheral 



blood of humans with the aid of cytokines granulo- 
cyte macrophage colony stimulating factor (GM-CSF) 
and IL-4 (173,174). Such dendritic cells could be 
treated in vitro with an immunomodulatory agent or 
perhaps transfected with a gene construct to make 
them express the immunomodulatory agent them- 
selves and pulsed with antigen before re-injection 
back into the same individual. In vitro cultured and 
antigen-pulsed dendritic cells from healthy indivi- 
duals can, in fact, either induce a potent immune 
response or tolerance depending on their prior in 
i/tfro-treatment when re-injected (175, 176). The 
limitations of this approach would come from the 
amount of work and potential safety risks introduced 
by in vitro propagation of autologous cells. These 
limitations would not apply to the use of purified 
DNA as a 'vaccine 1 (177). The discovery that injecting 
■naked 1 DNA, can induce immunity was made a 
decade ago (178), and vaccination with 'naked 1 
DNA represents a promising strategy for inducing 
cell-mediated immune responses (including cytotoxic 
CD8 T cells) (177,178). Purified plasmid DNA 
encoding both an autoantigen and an immunomodu- 
latory agent could therefore work as a 'vaccine 1 that 
might elicit a modified immune response resulting in 
tolerance instead of effective cell-mediated immunity. 
Unlike cells that need to be autologous, a vaccine 
consisting of recombinant DNA once validated could 
potentially be applied to individuals of a diverse 
genetic background (i.e., irrespective of MHC haplo- 
types or other disparate features). Thus, a 'vaccine 1 
for people at risk of developing T1DM could perhaps 
become available on a large scale. The safety risks of 
introducing foreign recombinant DNA would prob- 
ably be small if vectors that are able to incorporate 
into host genome (i.e., retroviral vectors) would not 
be applied. 

In the NOD mouse, a few studies already exist in 
which DNA-plasmids encoding insulin, its B chain, 
GAD or hsp 60 either alone or together with a 
plasmid encoding a regulatory cytokine (e.g., IL-4) 
have been injected as a 'vaccine' to induce tolerance 
(47, 179-181). DNA injected as a 'vaccine 1 is taken 
up by cells in the tissue including dendritic cells 
which express the antigen and present it to T cells 
(182). In many cases this has resulted in regulatory 
immunity and protection from disease. This is 
noteworthy, given the capacity of DNA-vaccination 
to induce effective cytotoxic T-cell immunity in 
tumour and viral disease models (183, 184). Hence, 
the control of possible adverse immune reactions 
deserves careful attention when using this strategy. 
We believe that simultaneous expression of the 
autoantigen with an immunomodulatory agent could 
be a possible way to better control such adverse 
reactions and to target immunomodulation most 
effectively to pathogenic T cells. Intensive research is 
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yet needed in models such as the RIPmOVA -model 
and the NOD mouse to identify the most effective 
immunomodulatory molecules and the most relevant 
islet-autoantigens that these should be combined 
with. 

A promising strategy to induce tolerance towards a 
defined antigen is to make a fusion protein consisting 
of the antigen and an antibody to an endocytosis 
receptor expressed on immature dendritic cells; 
Accordingly, the model antigen ovalbumin when 
conjugated to an antibody against the DEC-205 
receptor, induced antigen presentation in dendritic 
cells that remained in an immature state (185). 
Presentation of antigen via immature dendritic cells 
rendered mice tolerant to subsequent challenge with 
the same antigen showing that targeting the antigen 
thoughtfully to the immune system may elicit antigen- 
specific tolerance. 



We have discussed here the role of animal models in 
development of therapeutic strategies to induce 
immune tolerance to islet-autoantigens and envi- 
sioned some novel approaches to modify antigen- 
presentation from dendritic cells to induce tolerance 
(Fig 3). These strategies and approaches are currently 
under investigation in many laboratories including 
our own laboratories. Via innovative and careful 
work in animal models of islet-autoimmunity some of 
these approaches may be transformed into strategies 
that could be applied as specific immunotherapy to 
type 1 diabetes. Compared to treatment with general 
immunomodulatory or immunosuppressive agents, or 
other general, although certainly effective, treatment 
options like bone marrow reconstitution (186), 
tolerance-promoting presentation of autoantigens to 
the immune system would offer a worthwhile 
choice. 
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Figure 3. Four potential strategies for manipulating antigen-presentation in dendritic cells to induce tolerance. 1. Genetic (i.e. DNA) 
vaccination with a plasmid that encodes antigen and a death-receptor ligand (FasL, TRAIL, PD-L1/2); 2. Blockade of signal transduction 
from pathogen recognition receptor (PRR) by e.g., genetic modification of DC or antisense oligonucleotides; 3. Conjugation of antigen to a 
structure that binds to an endocytosis receptor (e.g., DEC-205) expressed on immature DC; 4. Genetic (i.e., DNA) vaccination with a 
plasmid that induces production of a regulatory cytokine (TGF-fJ, IL-10). 
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Art Unit: 1644 

RESPONSE TO APPLICANT'S AMENDMENT 

1. Applicant's amendment, filed 05/09/05 is acknowledged. 
Claims 1-14 are pending. 



Claims 1-14 are under consideration in the instant application. 

Applicant's amendment filed 05/09/05 in conjunction with Declaration of Dr. Scharp under A \ 
37C.F.R 1.132 demonstrating the effectiveness of implantation of a sub-therapeutic, tolerizin^;' 
dose of insulin-secreting cells and further administering an therapeutic dose of insulin-secreting % 
cells to treat diabetes, has obviated the previous enablement rejection under 35 U.S.C. 1 12, first 
paragraph. 



In view of the amendment, filed 05/09/05 the following rejections remain: 



2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 
rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in section 102 of this 
title, if the differences between the subject matter sought to be patented and the prior art are such that the subject matter as a 
whole would have been obvious at the time the invention was made to a person having ordinary skill in the art to which said 
subject matter pertains. Patentability shall not be negatived by the manner in which the invention was made. 



3. Claims 1-4 and 6 -14 stand rejected under 35 U.S.C. 103(a) as being unpatentable over US ( 
Patent 6,703,017 or by US Patent 5,425764 or US Patent 5,629,194 each in view Posselt et al 
(Diabetes, 1 992, v.4 1 , pages 77 1 -775) for the same reasons set forth in the previous Office 
Action, mailed on 01/26/05. 

Applicant's arguments, filed 05/09/05 have been folly considered, but have not been found 
convincing. 

Applicant asserts that: (i) US Patent '017 requires implanting only therapeutic dose of insulin- 
secreting cells and does not suggest implanting a tolerizing doze of insulin-producing cell prior 
to implanting of fully therapeutic dose; (ii) US Patent 4 194 does not describe or suggest 
implanting of a tolerizing dose of insulin producing cells prior to implanting of fully therapeutic 
dose; (iii) Posselt et al., teaches away from using tolerizing dose of insulin producing cells 
anywhere but thymus. 
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Applicants have traversed the primary and the secondary references pointing to the differences ; ^ 
between the claims and the disclosure in each reference. Applicant is respectfully reminded that ij : 
the rejection is under 35 USC103 and that unobviousness cannot be established by attacking the \^ 
references individually when the rejection is based on the combination of the references; see in^fj. 
re Keller, 642 F.2d 4B, 208 USPQ 871, 882 (CCPA 1981) See MPEP 2145 This applic^f t^W'i 
not done, but rather argues the references individually and not their combination. One cannot ; ■ 
show non-obviousness by attacking references individually where the rejections are based on a ' 
combination of references. In re Young 403 F.2d 759, 1 50 USPQ 725 (CCPA 1968). , 

As has been stated previously, US Patent '017 teaches a method of treating diabetes in a 
mammal comprising implanting insulin-producing cells encapsulated in a biologically'^;^ \--;)^0f, 
compatible membrane ( see entire document, Abstract and columns 6, 8, 9 -14 and Exa^le :12|v 
in particular) . US Patent '017 teaches that insulin producing cells are pancreatic islet wljs^mj'if. 
primary cell source ( see columns 8 and 1 1 in particular). US Patent '017 teaches that^V>^ V '^^( 
pancreatic islet cells are from the same species as the mammal and are implanted y ; • S % 

interperitoneally into the tissue of a mammal beneath the kidney capsule ( see overlapping 
columns 13-14 and Example 2 in particular). US Patent '017 teaches that encapsulation of said ' H 
insulin-producing cells in biologically compatible membrane for success of implantation is well 
known in the art ( see column 12 and Example 12 in particular). 

US Patent '764 teaches a method of treating diabetes in a mammal comprising implanting 
insulin-producing cells encapsulated in a biologically compatible membrane ( see entire 
document, Abstract and overlapping columns 5-6 in particular). US Patent '764 teaches that 
insulin producing cells are pancreatic islet cells ( see column 1 and 4 in particular). US Patent 
'764 teaches that cells are implanted interperitoneally ( see column 5 in particular). 

US Patent '194 teaches a method of treating diabetes in mammal comprising implanting insulin- 
producing cells encapsulated in a biologically compatible membrane ( see entire document, V: > v '• 
Abstract overlapping columns 7-8,12 and Example II in particular). US Patent '764 teaches Y| j : 
that insulin producing cells are pancreatic islet cells ( see column 8 in particular). US Patent * 
'764 teaches that cells are implanted intaportal ( see column 7 in particular). US Patent ' 194 
teaches administration of one or more anti-inflammatory agent at the dosage sufficient to achieve 
the desired therapeutic effect. US Patent ' 194 teaches that said agent caji be administered prior to 
at the same time or subsequent to administration of insulin-producing cells ( see overlapping y I: 
columns 14-15 in particular). : ; ■■\- , Hv ; ""--- yfi 

US Patent '017 or US Patent ' 764 or US Patent '194 does not explicitly teaches a method of / 
treating diabetes in a mammal comprising administration two doses of insulin-secreting cells one 
tolerizing and one curative wherein tolerizing doze is one order less than curative! ; ; 
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V: ■ With regards to the issue that Posselt et al., teaches away from using tolerizing dose of insulin 
; \ producing cells anywhere but thymus. The Examiner disagrees with Applicant's interpretation 
i'. ) of Posselt et al. Moreover, it is noted that the instant claims does not recited any specific place 
\ where a tolerizing dose of insulin-secreting cells should be implanting. It is the Examiner 
/ position that Posselet et al., teach that the important goal in the treatment of insulin-dependent 
; ; diabetes by pancreatic islet transplantation is the development of strategies that allow permanent 
; survival of pancreatic islet without continuous host immunosuppression. Posselet et al, further 
teach a strategy comprising two step process : first administering a small dose of cells that 
induces an unresponsive state, i.e. tolerizing dose and then administering fully therapeutic 
<7. dose, at another site ( see entire document, Abstract in particular). Posselet et al., teach that 
said strategy permits the survival of pancreatic islet transplant. 



It would have been obvious to a person of ordinary skill in the art at the time the invention was 
| ;* made to apply the teaching of Posselt at al. to those of US Patent '017 or US Patent ' 764 or 
H US Patent '194 to obtain a claimed method of treating diabetes in a mammal comprising 

administration two doses of insulin-secreting cells one tolerizing and one curative wherein 

■ tolerizing doze is one order less than curative 

One of ordinary skill in the art at the time the invention was made would have been motivated to 
do so, because a strategy comprising two step process : first administering a small dose of 
cells that induces an unresponsive state, i.e. tolerizing dose and then administering fully 
therapeutic dose, at another site permits the survival of pancreatic islet transplant as taught by 
Posselet et al. Said strategy can used in the method of treating diabetes in a mammal, 
comprising implanting pancreatic islet, taught by US Patent '017 or US Patent ' 764 or US - 
Patent c 194. The strongest rationale for combining references is a recognition, expressly or 

■ i impliedly in the prior art or drawn from a convincing line of reasoning based on established 

; ; scientific principles or legal precedent, that some advantage or expected beneficial result would 
have been produced by their combination. In re Semaker. 217 USPQ 1,5-6 (Fed. Cir. 1983). 
See MPEP2144. 

iv. 

i ■ 

From the combined teaching of the references, it is apparent that one of ordinary skill in the art 
- . would have had a reasonable expectation of success in producing the claimed invention. 
• Therefore, the invention as a whole was prima facie obvious to one of ordinary skill in the art at 
the time the invention was made, as evidenced by the references, especially in the absence of 
evidence to the contrary. 

Claims 8-14 are included because it would be conventional and within the skill of the art to : (i) 
determine the proper pore size for the permselective membrane or (ii) to determine the optimum 
dosage and means of administration of insulin-secreting cells in an absent of a showing of 
unobvious property. Moreover, Applicant acknowledge that one of ordinary skill in the art can 
readily determine the proper pore size for the permselective membrane ( see page 8, line 13-20 



o o 

Application/Control Number: 10/823,263 Page 5 

Art Unit: 1644 

of the instant Specification in particular). Further, it has been held that where the general 
conditions of a claim are disclosed in the prior art, discovering the optimum or workable ranges 
or means of administration involves only routine skill in the art. In re Alter, 220 F2d 
454,456,105 USPQ 233; 235 (CCPA 1955). see MPEP § 2144.05 part II A. 



4. Claim 5 stands rejected under 35 U.S.C. 103(a) as being unpatentable over US Patent 
6,703,017 or by US Patent 5,425764 or US Patent 5,629,194 each in view Posselt et al 
(Diabetes, 1992, v.41, pages 771-775) as applied to claims 1-4 and 6-14 above, and further in v 
view of US Patent 5,529,914 for the same reasons set forth in the previous Office Action, 
mailed on 01/26/05. 

Applicant's arguments, filed 05/09/05 have been fully considered, but have not been found 
convincing . 

Applicant asserts that because US Patent 6,703,017, US Patent 5,425764 US Patent 5,629,194 
and Posselt et al., are not prior art and do not suggest the claimed invention they can not be used 
in combination with US Patent 5,529,9 1 4. 



As have been discussed, supra, it is the Examiner position that the prior art of US Patent 
6,703,017, US Patent 5,425764 US Patent 5,629,194 and Posselt et al., do suggest the claimed 
invention and thus can be used in combination with US Patent 5,529,914. 

The combined references do not explicitly teachers a method of treating diabetes in a mammal 
comprising implanting insulin-secreting cells, wherein insulin-secreting cells are encapsulated in 
a biologically compatible membrane wherein said membrane comprises polyethylene glycol 
(PEG). 



US Patent '914 teaches a new type of biocompatible membrane as a covering to encapsulate 
biological materials, comprising PEG that is acceptable for implants in mammalian. ( see entire 
document, Abstract in particular). US Patent '914 teaches that various types of cells can be 
encapsulated in said biocompatible membrane and that said encapsulation will prevent 
rejection of encapsulated cells during transplantation ( see column 10 in particular). 

It would have been obvious to a person of ordinary skill in the art at the time the invention was 
made to apply the teaching of US Patent '914 to those of US Patent " 017, US Patent ' 764 , US 
Patent' 194 and Posselt et al., to obtain a claimed method of treating diabetes in a mammal 
comprising implanting insulin-secreting cells, wherein insulin-secreting cells are encapsulated in 
a biologically compatible membrane wherein said membrane comprises polyethylene glycol 
(PEG). 
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One of ordinary skill in the art at the time the invention was made would have been motivated to 
do so, because encapsulation of cells in biologically compatible membrane comprising PEG will 
prevent rejection of encapsulated cells during transplantation as taught by US Patent '914. Said 
type of biocompatible membrane can be used to substitute the different type of biocompatible 
membrane for successful implantation of insulin-producing cells in the method of treating - 
diabetes taught by combined references of US Patent "017, US Patent ' *764 , US Patent' 194 
and Posselt et al The strongest rationale for combining references is a recognition, expressly or 
impliedly in the prior art or drawn from a convincing line of reasoning based on established 
scientific principles or legal precedent, that some advantage or expected beneficial result would • 
have been produced by their combination. In re Semaker. 217 USPQ 1,5-6 (Fed. Cir. 1983). 
See MPEP 2144. , 

From the combined teaching of the references, it is apparent that one of ordinary skill in the art 
would have had a reasonable expectation of success in producing the claimed invention. ' - 
Therefore, the invention as a whole was prima facie obvious to one of ordinary skill in the art at 
the time the invention was made, as evidenced by the references, especially in the absence of 
evidence to the contrary. 

5. No claim is allowed. 



6. TfflS ACTION IS MADE FINAL. See MPEP § 706.07(a). Applicant is reminded of the 
extension of time policy as set forth in 37 CFR 1 . 136(a). 

A shortened statutory period for reply to this final action is set to expire THREE MONTHS from 
the mailing date of this action. In the event a first reply is filed within TWO MONTHS of the 
mailing date of this final action and the advisory action is not mailed until after the end of the 
THREE-MONTH shortened statutory period, then the shortened statutory period will expire on 
the date the advisory action is mailed, and any extension fee pursuant to 37 CFR 1 . 136(a) will be 
calculated from the mailing date of the advisory action. In no event, however, will the statutory 
period for reply expire later than SIX MONTHS from the date of this final action. 
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1. Any inquiry concerning this communication or earlier communications from the examiner 

/ should be directed to Michail Belyavskyi whose telephone number is 571/ 272-0840 The 
examiner can normally be reached Monday through Friday from 9:00 AM to 5:30 PM. A 

{ message may be left on the examiner's voice mail service. If attempts to reach the examiner by 

■ telephone are unsuccessful, the examiner's supervisor, Christina Chan can be reached on 571/ 
272-0841 . 1 

The fax number for the organization where this application or proceeding is assigned is 703-872- 
\ 9306. ■;, . v- \ ' ; • . :• ' . 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system Status information for published applications 
: may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
^•applications is available through Private PAIR only. For more information about the PAIR 
:! -system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private 
. PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 



Michail Belyavskyi, Ph D 
Patent Examiner 
Technology Center 1600 
June 6, 2005 




SUPERVISORY PATENT EXAMINER 
TECHNOLOGY CENTER 1600 





MATIQN DISCU 

ENT BY APPLICANT 

(fu-Mpi* fihuate used when mc9ssary) 









PTO/SB/08 cQUivaient 




.1 0 / fl 7 V — 

: 4-13-04 ---*■ 


First Named inventor 


Latta,PaulP. ; : 


Art Unit 


.1644. • : : 

Betyavskyi, Mlchall A. 


Examiner 

Attorney Docket Ho. 


• LATTA.OOSrM 1 




Examiner 
Ihttiats 



CHo 
No. 



Foreign Patent Document 
Country Code-Number-Kind Code 
Example: JP 1234567 A1 



Publication 
Date 
MM-DD-YYYY 



Name of Patentee or 
" Applicant 




Pages, Columns, Lines 
Where Relevant Passages or 
Relevant Figures Appear 



Examiner 
Initials 



^^^^^^^ 

"nd^ Diabetic M arine 11:886-871. . :.. 1 : T 




1688567:vt 
042905 




D ate Considered 

. Place a check marie In this area when an fcngllsl i l anguage Tranaauun Is attached 



LATTA.OO: 




O 



PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant 
Appl. No. 
Filed 
For 

Examiner 
Group Art Unit 



Paul P. Latta 
10/823,263 
April 13, 2004 

A METHOD OF TREATMENT OF 
DIABETES THROUGH INDUCTION 
OF IMMUNOLOGICAL TOLERANCE 

Belyavskyi, Michail A. 

1644 



AMENDMENT WITH RCE 



Mail Stop RCE 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 223 1 3- 1450 

Dear Sir: 

In response to the Office Action mailed June 16, 2005, please amend the above-identified 
application as follows: 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 
of this paper. 

Remarks/Arguments begin on page 4 of this paper. 



Appl. No. 
Filed 



10/823,263 
April 13, 2004 



AMENDMENTS TO THE CLAIMS 

1. (Currently amended) A method of treating diabetes in a mammal in need 
thereof, comprising the steps of: 

implanting in said mammal a tolerizing dose of insulin-secreting cells 
encapsulated in a biologically compatible permselective membrane , wherein said 
implanting step is subcapsular, subcutaneous, intraperitoneal or intraportal ; then 

administering to said mammal a therapeutic dose of corresponding 
unencapsulated insulin-secreting cells. 

2. (Original) The method of claim 1, wherein said mammal is a human, canine or 

feline. 

3. (Previously presented) The method of claim 1, wherein said tolerizing dose is 
one to two orders of magnitude less than said therapeutic dose. 

4. (Original) The method of claim 1, wherein said insulin-secreting cells are 
pancreatic islet cells. 

5. (Original) The method of claim 1, wherein said membrane comprises 
polyethylene glycol. 

6. (Previously presented) The method of claim 1, wherein said tolerizing and 
therapeutic doses comprise porcine cells. 

7. (Previously presented) The method of claim 1, further comprising the step of 
administering one or more anti-inflammatory agents to said mammal prior to, at the same time 
as, or subsequent to administration of said therapeutic dose. 

8. (Original) The method of claim 1, wherein said membrane has a molecular 
weight cutoff of about 1 50 kDa or less. 

9. (Original) The method of claim 1, wherein said membrane has a pore size of less 
than about 0.4 jam. 

10. (Original) The method of Claim 9, wherein said membrane has a pore size of less 
than about 0.2 jam. 

11. (Previously presented) The method of Claim 1, wherein said therapeutic dose is 
between one and two orders of magnitude higher than said tolerizing dose. 

12 (Cancelled) 
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13. (Original) The method of Claim 1, wherein said administering step is 
intraperitoneal, intraportal or subcutaneous. 

14. (Original) The method of Claim 1, wherein said tolerizing dose is administered 
incrementally. 
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REMARKS 

Claim 1 has been amended. Support for the amendment can be found in the Specification 
as filed, on page 4, lines 16-17 and the original Claim 12. Claim 12 has been canceled as 
redundant. No new matter has been introduced by this amendment. The following addresses the 
substance of the Office Action. 
Non-obviousness 

The Examiner has continued rejecting Claims 1-4 and 6-14 under 35 USC §103(aVas 

being allegedly obvious over USP 6,703,017 or USP 5,425 J64, or USP 5.629.194 each in view 

of Posselt et al. (Diabetes, 1992. 41:771-775). 

Pursuant to MPEP 2143, in order to establish a prima facie case of 
obviousness three requirements must be met: First there must be some suggestion 
or motivation, either in the references themselves or in the knowledge generally 
available to one of ordinary skill in the art, to modify the reference or combine 
reference teachings. Second, there must be a reasonable expectation of success. 
Finally, the prior art reference (or references when combined) must teach or 
suggest all the claim limitations. 

Furthermore, "Obviousness analysis requires <...> to assess invention as a 
whole to determine whether there was suggestion or motivation to combine prior 
art references, without engaging in improper "hindsight" determination <...>. 
<...> motivation to combine may be found in nature of problem to be solved, 
leading inventors to look to references relating to possible solutions to that 
problem" Ruiz v. A.B. Chance Co. 69 USPQ2d 1686-1691 . 

In the case of the present invention, the cited references fail to suggest all of the claim 
limitations, and in fact actually teach away from the presently claimed invention. As discussed in 
the previous response to Office Action, and as acknowledged by the Examiner, USP '017 or 
USP' 764 or USP' 194 do not teach a method for treating diabetes in a mammal comprising 
administration of two doses of insulin-secreting cells: one -tolerizing and one - therapeutic, 
wherein the tolerizing dose is at least one order of magnitude less that the therapeutic dose. The 
problem of rejection of the implants of the USP '017 or USP'764 or USP'194 is addressed 
differently: by reduction of antigenicity or by encapsulation of islet-producing stem cells in 
USP'017, by encapsulation of islets of Langerhans in USP'764, and by altering antigens on the 
cell surface of the porcine pancreatic cells or by using immunosuppressant drugs in USP'194. If 
a skilled artisan was still looking for other ways to solve the same problem of creating tolerance 
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to the implant, the publication of Posselt would point the artisan only 'in one direction: 
intrathymic implantation of a tolerizing dose of insulin-producing cells. 

Posselt et al. describes implanting unencapsulated islets into various areas of the body, 
liver, kidney, and thymus, but the only implantation site that showed survival of the implanted 
cells was the thymus . As the authors stated several times in this article, thymus is considered to 
be an immunologically privileged site and is subject to the usual biologic characteristics of such 
sites, in that prior sensitization of the host with skin allografts precludes prolonged survival of 
intrathymic islets (page 272, right column). The experiments, performed by Posselt et al. show 
just that, i.e. when allogeneic islets were transplanted into the thymus of recipients that had 
previously rejected donor strain skin grafts, the islets were destroyed in an accelerated manner, 
demonstrating that the intrathymic site is readily accessible to activated T cells (page 367 left 
column, and page 368, right column), and that no tolerance can be achieved using this protocol 
Furthermore, Posselt et al. goes on stating that the achieved tolerization to intrathymic allografts 
is due to their direct influence on maturing thymocytes, which are more susceptible to tolerance- 
inducing signals, and that such "inappropriate" presentation of antigen by nonlymphoid cells 
induce a state of anergy in T cells (page 373). Therefore, Posselt et al. actually teaches away 
from using the tolerizing dose of insulin-producing cells anywhere but thymus, and it only shows 
success in the absence of prior sensitization to the implant. As such, one skilled in the art would 
have no reasonable expectation of success in using the invention of the presently recited claims 
involving subcapsular, subcutaneous, intraperitoneal or intraportal implantation, and would have 
no motivation to do so. 

The Applicant was the first one to teach that implantation of insulin-producing cells in 
sites other than thymus produces tolerance to the implanted cells. The Declaration of Dr. Scharp, 
submitted on May 6, 2005, reiterates that. The instant method as claimed in the presently 
amended Claim 1 specifies the non-thymus implantation sites for the tolerizing dose of 
encapsulated cells. This limitation is not suggested in any of the cited references. 

Therefore, the cited references combined fail to provide a reasonable expectation of 
success or suggest all of the claim limitations. As such, the. cited references fail to support a 
prima facie case of obviousness. Therefore, Claims 1-4 and 6-14 are in compliance with 35 
U.S.C. 103. 
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The Examiner has continued rejecting Claim 5 under 35 U.S.C. 103fa) as being 
unpatentable over US Patent 6,703.017 or by US Patent 5.425 ,764, or US Patent 5,629,194 each 
in view Posselt et al. (1991 Ann. Sure. 214:363-373) as applied to Claims 1-4 and 6-14, and 
further in view of USP 5,529,914. Non-obviousness of the independent Claim 1 in view of US 
Patent 6,703,017 or by US Patent 5,425,764, or US Patent 5,629,194 each in view Posselt et al. is 
asserted above. The US Patent 5,529,914 discloses a method of encapsulating cells, but it fails to 
cure the deficiencies of US Patent 6,703,017, US Patent 5,425,764, US Patent 5,629,194, and 
Posselt et al. Therefore, Claim 5 is in compliance with 35 USC § 103(a). 
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CONCLUSION 

Applicants have endeavored to address all of the Examiner's concerns as expressed in the 



" arguments in support of the patentability of 'the pending claim set are presented above. In light of 
the above amendments and remarks, reconsideration and withdrawal of the outstanding rejections 
is specifically requested. If the Examiner finds any remaining impediment to the prompt 
allowance of these claims that could be clarified with a telephone conference, the Examiner is 
respectfully requested to initiate the same with the undersigned. 

Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Account No . 11-1410. 



outstanding Office Action. Accordingly, amendments to the claims, the reasons therefor, and 
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DETAILED ACTION 



1 . A request for continued examination under 37 CFR 1.114, including the fee set forth in 37 
CFR 1. 17(e), was filed in this application after final rejection. Since this application is eligible 
for continued examination under 37 CFR 1 . 1 14, and the fee set forth in 37 CFR 1 . 17(e) has been 
timely paid, the finality of the previous Office action has been withdrawn pursuant to 37 CFR 
1.114. Applicant's submission filed on 08/19/05 has been entered. 

Claims 1-11,13-14 are pending. 

Claims 1-11, 13-14 are under consideration in the instant application. 
In view of the amendment, filed 08/19/05 the following rejections remain: 



2. The following is a quotation of 35 U.S.C 103(a) which forms the basis for all obviousness 
rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in section 102 of this 
title, if the differences between the subject matter sought to be patented and the prior art are such that the subject matter as a 
whole would have been obvious at the time the invention was made to a person having ordinary skill in the art to which said 
subject matter pertains. Patentability shall not be negatived by the manner in which the invention was made. 



3. Claims 1-4 and 6-11,13 and 14 stand rejected under 35 U.S.C. 103(a) as being 
unpatentable over US Patent 6,703,017 or by US Patent 5,425764 or US Patent 5,629,194 each 
in view Posselt et al (Diabetes, 1992, v.41, pages 771-775) for the same reasons set forth in the 
previous Office Action, mailed on 06/16/05 

Applicant's arguments, filed 08/19/05 have been fully considered, but have not been found 
convincing . 

Applicant asserts that Posselt et al., teaches away from using tolerizing dose of insulin 
producing cells anywhere but thymus and it only shows success in the absence of prior 
sensitization to the implant. 

The Examiner disagrees with Applicant's interpretation of Posselt et al. The issue raised in the 
previous Office Action was that it is the Examiner position that Posselet et al., teach two step 
stratergy: first administering a small dose of cells that induces an unresponsive state, i.e. 
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tolerizing dose and then administering fully therapeutic dose, at another site. Posselet et al, 
teach that said strategy permits the survival of pancreatic islet transplant. ( see entire document, 
Abstract and page365 in particular). The fact that Posselet et al., implanted the first, i.e. 
tolerizing dose into thymus does not neglect the teaching of the advantages of using the two 
step process i.e. implanting first a small number of cells in one place and then implanting a 
therapeutic dose in different place. Posselet et al., teach that the important goal in the 
treatment of insulin-dependent diabetes by pancreatic islet transplantation is the development of 
strategies that allow permanent survival of pancreatic islet without continuous host 
immunosuppression. There is no indication or suggestion in Posselt et al. that only 
intrathymic transplantation should be performed. Posselt et al., teach that the finding that 
recipient bearing established intrathymic graft fail to destroy subsequent extrathymic islets either 
by rejection or autoimmunity argues that additional mechanism that alter systemic immune 
response are also involved. In other words, one skilled in the art would immediately recognized 
that Posselet et al., teach an advantage of two step process in the treatment of insulin- 
dependent diabetes by pancreatic islet transplantation. However, it is noted that the instant 
claims does not recited any specific place where a first tolerizing dose of insulin-secreting 
cells should be implanting. 

US Patent £ 017 teaches a method of treating diabetes in a mammal comprising implanting 
insulin-producing cells encapsulated in a biologically compatible membrane ( see entire 
document, Abstract and columns 6, 8, 9 -14 and Example 12 in particular) . US Patent '017 
teaches that insulin producing cells are pancreatic islet cells from primary cell source ( see 
columns 8 and 1 1 in particular). US Patent '017 teaches that pancreatic islet cells are from the 
same species as the mammal and are implanted interperitoneally into the tissue of a mammal 
beneath the kidney capsule ( see overlapping columns 13-14 and Example 2 in particular). US 
Patent '017 teaches that encapsulation of said insulin-producing cells in biologically compatible 
membrane for success of implantation is well known in the art ( see column 12 and Example 12 
in particular). 

US Patent '764 teaches a method of treating diabetes in a mammal comprising implanting 
insulin-producing cells encapsulated in a biologically compatible membrane ( see entire 
document, Abstract and overlapping columns 5-6 in particular). US Patent '764 teaches that 
insulin producing cells are pancreatic islet cells ( see column 1 and 4 in particular). US Patent 
'764 teaches that cells are implanted interperitoneally ( see column 5 in particular). 

US Patent '194 teaches a method of treating diabetes in mammal comprising implanting insulin- 
producing cells encapsulated in a biologically compatible membrane ( see entire document, 
Abstract overlapping columns 7-8 , 12 and Example II in particular). US Patent '764 teaches 
that insulin producing cells are pancreatic islet cells ( see column 8 in particular). US Patent 
'764 teaches that cells are implanted intaportal ( see column 7 in particular). US Patent '194 
teaches administration of one or more anti-inflammatory agent at the dosage sufficient to achieve 
the desired therapeutic effect. US Patent '194 teaches that said agent can be administered prior to 
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at the same time or subsequent to administration of insulin-producing cells ( see overlapping 
columns 14-15 in particular). 

US Patent '017 or US Patent ' 764 or US Patent '194 does not explicitly teaches a method of 
treating diabetes in a mammal comprising administration two doses of insulin-secreting cells one 
tolerizing and one curative wherein tolerizing doze is one order less than curative. 

As has been discuused supra, it is the Examiner position that Posselet et al., teach that the 
important goal in the treatment of insulin-dependent diabetes by pancreatic islet transplantation 
is the development of strategies that allow permanent survival of pancreatic islet without 
continuous host immunosuppression. Posselet et al., further teach a strategy comprising two 
step process : first administering a small dose of cells that induces an unresponsive state, i.e. 
tolerizing dose and then administering fully therapeutic dose, at another site ( see entire 
document, Abstract in particular). Posselet et al., teach that said strategy permits the survival of 
pancreatic islet transplant. 



It would have been obvious to a person of ordinary skill in the art at the time the invention was 
made to apply the teaching of Posselt at al. to those of US Patent '017 or US Patent ' 764 or 
US Patent '194 to obtain a claimed method of treating diabetes in a mammal comprising 
administration two doses of insulin-secreting cells one tolerizing and one curative wherein 
tolerizing doze is one order less than curative 

One of ordinary skill in the art at the time the invention was made would have been motivated to 
do so, because a strategy comprising two step process : first administering a small dose of 
cells that induces an unresponsive state, i.e. tolerizing dose and then administering fully 
therapeutic dose, at another site permits the survival of pancreatic islet transplant as taught by 
Posselet et al. Said strategy can used in the method of treating diabetes in a mammal, 
comprising implanting pancreatic islet, taught by US Patent '017 or US Patent ' 764 or US 
Patent ' 1 94. The strongest rationale for combining references is a recognition, expressly or 
impliedly in the prior art or drawn from a convincing line of reasoning based on established 
scientific principles or legal precedent, that some advantage or expected beneficial result would 
have been produced by their combination. In re Semaker. 217 USPQ 1,5-6 (Fed. Cir. 1983). 
See MPEP 2144. 



From the combined teaching of the references, it is apparent that one of ordinary skill in the art 
would have had a reasonable expectation of success in producing the claimed invention. 
Therefore, the invention as a whole was prima facie obvious to one of ordinary skill in the art at 
the time the invention was made, as evidenced by the references, especially in the absence of 
evidence to the contrary. 
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Claims 8-1 1, 13 and 14 are included because it would be conventional and within the skill of 
the art to : (i) determine the proper pore size for the permselective membrane or (ii) to determine 
the optimum dosage and means of administration of insulin-secreting cells in an absent of a 
showing of unobvious property. Moreover, Applicant acknowledge that one of ordinary skill in 
the art can readily determine the proper pore size for the permselective membrane ( see page 8, 
line 13-20 of the instant Specification in particular). Further, it has been held that where the 
general conditions of a claim are disclosed in the prior art, discovering the optimum or workable 
ranges or means of administration involves only routine skill in the art. In re Aller, 220 F2d 
454,456,105 USPQ 233; 235 (CCPA 1955). see MPEP § 2144.05 part II A. 



4. Claim 5 stands rejected under 35 U.S.C. 103(a) as being unpatentable over US Patent 
6,703,017 or by US Patent 5,425764 or US Patent 5,629,194 each in view Posselt et al 
(Diabetes, 1992, v.41, pages 771-775) as applied to claims 1-4 and 6-14 above, and further in 
view of US Patent 5,529,914 for the same reasons set forth in the previous Office Action, 
mailed on 06/16/05 

Applicant's arguments, filed 08/19/05 have been fully considered, but have not been found 
convincing . 

Applicant asserts that because US Patent 6,703,017, US Patent 5,425764 US Patent 5,629,194 
and Posselt et al., are not prior art and do not suggest the claimed invention they can not be used 
in combination with US Patent 5,529,914. 

As have been discussed, supra, it is the Examiner position that the prior art of US Patent 
6,703,017, US Patent 5,425764 US Patent 5,629,194 and Posselt et al., do suggest the claimed 
invention and thus can be used in combination with US Patent 5,529,914. 

The combined references do not explicitly teachers a method of treating diabetes in a mammal 
comprising implanting insulin-secreting cells, wherein insulin-secreting cells are encapsulated in 
a biologically compatible membrane wherein said membrane comprises polyethylene glycol 



US Patent '914 teaches a new type of biocompatible membrane as a covering to encapsulate 
biological materials, comprising PEG that is acceptable for implants in mammalian. ( see entire 
document, Abstract in particular). US Patent '914 teaches that various types of cells can be 
encapsulated in said biocompatible membrane and that said encapsulation will prevent 
rejection of encapsulated cells during transplantation ( see column 10 in particular). 



(PEG). 
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It would have been obvious to a person of ordinary skill in the art at the time the invention was 
made to apply the teaching of US Patent '914 to those of US Patent " 017, US Patent * 764 , US 
Patent' 194 and Posselt et al, to obtain a claimed method of treating diabetes in a mammal 
comprising implanting insulin-secreting cells, wherein insulin-secreting cells are encapsulated in 
a biologically compatible membrane wherein said membrane comprises polyethylene glycol 
(PEG). 

One of ordinary skill in the art at the time the invention was made would have been motivated to 
do so, because encapsulation of cells in biologically compatible membrane comprising PEG will 
prevent rejection of encapsulated cells during transplantation as taught by US Patent '914. Said 
type of biocompatible membrane can be used to substitute the different type of biocompatible 
membrane for successful implantation of insulin-producing cells in the method of treating 
diabetes taught by combined references of US Patent "017, US Patent ' 764 , US Patent' 194 
and Posselt et al. The strongest rationale for combining references is a recognition, expressly or 
impliedly in the prior art or drawn from a convincing line of reasoning based on established 
scientific principles or legal precedent, that some advantage or expected beneficial result would 
have been produced by their combination. In re Semaker. 217 USPQ 1,5-6 (Fed. Cir. 1983). 
See MPEP 2144. 



From the combined teaching of the references, it is apparent that one of ordinary skill in the art 
would have had a reasonable expectation of success in producing the claimed invention. 
Therefore, the invention as a whole was prima facie obvious to one of ordinary skill in the art at 
the time the invention was made, as evidenced by the references, especially in the absence of 
evidence to the contrary. 



5. No claim is allowed. 



6. Any inquiry concerning this communication or earlier communications from the examiner 
should be directed to Michail Belyavskyi whose telephone number is 571/272-0840. The 
examiner can normally be reached Monday through Friday from 9: 00 AM to 5: 30 PM. A 
message may be left on the examiner's voice mail service. If attempts to reach the examiner by 
telephone are unsuccessful, the examiner's supervisor, Christina Chan can be reached on 
571/272-0841. 

The fax number for the organization, where this application or proceeding is assigned is 571/273- 
8300 
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Information regarding the status of an application may be obtained from the Patent Application 
Information Retrieval (PAIR) system. Status information for published applications may be 
obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private 
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 



Michail Belyavskyi, PhD. 
Patent Examiner 
Technology Center 1600 
October 28,2005 
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Related Applications 

This application is a continuation of Application Serial No. 10/660,924 filed September 
12, 2003 which is a continuation of Application Serial No. 09/226,742 filed January 7, 1999 now 
abandoned which was a continuation of Application Serial. No. 09/049,757 filed March 27, 1998 
now abandoned, which was a continuation of Application Serial No. 08/736,413 filed on October 
24, 1996 now abandoned, which claims the benefit of priority under 35 U.S.C. 119(e) of 
Provisional Application No. 60/005,877 filed October 26, 1995^ 

field of the Invention . 
The present invention relates to the induction of immunological tolerance to 
foreign cells, tissues and, organs. More specifically, the invention ijelfftes to 
implantation of a tolerizing dose of cells or tissues , encapsulated in a membrane in a 
mammal to establish immunological tolerance thereto. 

Background the Invention 
For some human diseases, including heart and liver failure, . organ 
transplantation is the only alternative to certain death.: While there were only 4,843. 
organ donors in the U.S.. in 1993, there were 2,866 heart and 3,040 liver failure 
patients on the waiting list for these organs (UNOS Update, 10(2), 1994). Thus, 
because of timing and tissue matching problems, many patients die each year for lack 
of an available organ. For those lucky enough to receive an organ, the results are. still 
less than ideal. The transplant procedure constitutes major surgery which is associated 
with attendant risks and is exceedingly expensive. After .the surgery, the patient must 
be placed on a regimen of immunosuppressive drugs to keep the immune system from 
destroying the transplanted organ. As a consequence, the patient's entire immune 
system is suppressed for the rest of his life, significantly lowering his defenses against 
other serious disease' threats sucn as infections, viruses or cancers. 

For other diseases including kidney failure, pancreas failure and cystic fibrosis, 
transplantation has a lower mortality and morbidity rate than any alternative therapy. 
Even with its attendant problems of organ scarcity, surgical risk, high .cost and 
permanent immunosuppression, for some of these cases it is still a more practical 
therapy than any alternative, ihe physician's choice in these eases is dependent on 
many variables mcludihg age, general health, severity of the condition, avaUability of 
organs and others factors. In 1994, there were 25,033 patients on the waiting list for. 
human kidneys, 181 for pancreases and 1,250 for lungs (UNOS Update, 10:2, 1994). 
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For still other diseases, transplantation is known to be effective, although its 
attendant problems preclude its practical therapeutic use. This is true for many of the 
kidney, pancreas and lung patients described above. It is also true where whole 
pancreas transplantation can cure diabetes or liver transplantation can cure hemophilia 
5 but the risks outweigh the rewards. 

Recently, for certain disease states; tissue transplants, as opposed to whole 
organ transplants, have been shown to be therapeutic in animals and even in man 
(Scharp et al., Transplantation, 51:76-85, 1991). Tissue transplantation requires full 
immunosuppression and carries the same risks and problems as already discussed for 
10 whole organ immunosuppression. The following treatments address the rejection of 
the transplanted tissue. 

One implantation method involves pre-inoculation in the thymus with a small 
dose of cells, full temporary immunosuppression, then a full therapeutic dose at 
another site (Posselt et al., Annals of Surgery, 214:363-373, 1991). First, this has only 
15 been shown to work in rodents to date. No large animal or human test has been 
successful. Second, the human adult thymus is shrunken and may not be practical to 
treat with an adequate pre-dose. Third, the immunosuppression step, while temporary, 
does subject the patient to risks for that period of time. Fourth, it is not known 
. whether a fully therapeutic dose will be tolerated, (i.e. not rejected) in humans. Fifth, 
20 this procedure may not protect against autoimmune destruction even if it does prevent 
rejection. 

Another method of preventing rejection is irradiation of the recipient's bone 
marrow immune cells, implantation of bone marrow cells from the donor, then 
implantation of a full therapeutic dose of tissue or organ from the same donor (Illstad 

25 et al., J. Exp. Med, 174:467-478, 1991). First, this has not been shown to work for 
tissue transplants in humans. Second, irradiation of immune cells, either partial or 
whole body, carries serious risks. Third, it is not known if the immune system will 
adequately protect from other threats. Fourth, it is not known if the method will 
protect from both rejection and autoimmune destruction in those disease states. 

3 0 A further method of treatment to prevent rejection is by using monoclonal 

antibodies to suppress certain parts of the immune system (Andersson et al., J. 
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Autoimmune 4:733-742, 1991). These tests have only been performed in rodents so 
it is not known if they would succeed in humans. Also, it is not known if the proper 
monoclonal antibody could be identified and created for each different disease state. 
In addition, the overall affect of these agents on the human immune system is not 
known. 

Still another method of preventing rejection is encapsulation of the transplanted 
tissue in a semi-permeable membrane device which allows oxygen, nutrients and other 
small molecules to pass but prevents entry of large immune system cells (Lacy et al., 
Science, 254:1782-1784, 1991; Sullivan etal., Science, 252:718-721, 1991). There are 
several unresolved problems associated with this method. First, none of these devices 
has been shown to protect a therapeutic transplant in humans. To be suitable for 
human use, the material must be biocompatible; it must be sufficiently strong to last 
a long time when implanted; its porosity must be exactly correct to allow survival and 
function of the enclosed cells while keeping out cells and perhaps antibodies of the 
immune system; and finally, the device itself must be large enough to contain enough 
cells for a fidly therapeutic implant and yet small enough to allow for some reasonable 
method, of implantation which causes no damage to other internal organs. 

To date, there has been very little effort to use transplantation as a potential 
prevention of disease due to all of the problems associated with transplantation as 
previously described. In addition, it is not yet known where transplantation can 
actually prevent a disease from occurring other than the obvious case of whole organ 
failures. Moreover, for many disease states, it is not known who will be afflicted. 
There is some evidence that interventional transplantation can have some preventive 
effect in rodents (Miller et al., X Neurol Immunol, 46:73-82, 1993; van Vollenhoven 
et al., Cell Immunol, 115:146-155, 1988). Thus, a major role for preventive 
transplantation has not been investigated. 

Summary of the Invention 
One embodiment of the invention is a method of creating immunological 
•tolerance to foreign cells, tissues or organs in a mammal, comprising the step of 
implanting in the mammal a tolerizing dose of foreign cells or tissue encapsulated in 
a biologically compatible permselective membrane. The method may additionally 
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comprise the step of administering to the mammal a curative dose of corresponding 
unencapsulated cells, tissue or organ. Advantageously, the mammal is a human, 
canine or feline. Preferably, the tolerizing cells are insulin-secreting cells; more 
preferably, they are pancreatic islet cells. According to one aspect of this 
embodiment, the membrane comprises polyethylene glycol. Preferably, the curative 
dose is between one and two orders of magnitude greater than the tolerizing dose. 
Advantageously, the tolerizing and curative doses are from the same species as the 
mammal. Alternatively, the tolerizing and curative doses are from a species different 
from the mammal. Preferably, the tolerizing and curative doses are porcine. The 
method may further comprise the step of administering one or more anti-inflammatory 
agents to the mammal prior to, at the same time as, or subsequent to administration 
of the curative dose. Preferably, the membrane has a molecular weight cutoff of about 
150 kDa or less. Alternatively, the membrane has a pore size of about 0.4 ^m or less. 
The membrane may also have a pore size of about 0.2 jim or less. Advantageously, 
when the tolerizing and curative doses are from a different species, the membrane has 
a molecular weight cutoff of about 1 50 kDa or less. Preferably, the tolerizing step is 
subcapsular, subcutaneous, intraperitoneal or intraportal and the curative step is 
intraperitoneal, intraportal or subcutaneous. The tolerizing dose may also be 
administered incrementally. 

The present invention also provides a method of treating diabetes in a mammal 
in need thereof, comprising the steps of: 

implanting in the mammal a tolerizing dose of foreign insulin-secreting 
cells encapsulated in a biologically compatible pennselective membrane; then 
administering to the mammal a curative dose of corresponding 
unencapsulated insulin-secreting cells. 
Preferably, the mammal is a human, canine or feline. Advantageously, the tolerizing 
dose is one to two orders of magnitude less than the curative dose. In another aspect 
of this preferred embodiment, the membrane comprises polyethylene glycol. 
Advantageously, the insulin-secreting cells are pancreatic islet cells. Preferably, the 
mammal and the insulin-secreting cells are from the same species. Alternatively, the 
mammal and the insulin-secreting cells are from different species. Preferably, the 



tolerizing and curative doses are porcine. The method may further comprise the step 
of administering one or more anti-inflammatory agents to the mammal prior to, at the 
same time as, or subsequent to administration of the curative dose. Advantageously, 
the membrane has a molecular weight cutoff of about 150 kDa or less. Alternatively, 
the membrane has a pore size of less than about 0.4 |am. 

Brief Description of the Drawings 
Figure 1 is plane view illustrating the key properties of the membrane 
enclosing the cells. The membrane may be configured into many different device 
designs. 

Figure 2 is a plane view of one design of the invention, wherein two layers of 
the membrane are used in a fiat sheet configuration where cells are "sandwiched" in 
between the two membranes and then the ends are sealed. 

Figure 3 is a tubular view of one design of the invention, wherein the 
membrane is cast or rolled into a tubular configuration. The cells are loaded in the 
lumen and the ends are sealed,. 

Figure 4 is a spherical view of one design of the invention, wherein the 
membrane is cast in a spherical configuration and cells may be encased one in each 
device (microcapsule) or many in a device (macrdcapsule). 

Figure 5 is a graph showing blood glucose levels in mice implanted with a 
tolerizing dose of 100 encapsulated NIT insulinoma aggregates. 

Figure 6 is a graph showing blood glucose levels in mice implanted with a 
tolerizing dose of 50 encapsulated NIT insulinoma aggregates. 

Figure 7 is a graph showing blood glucose levels in non-tolerized control mice. 
Detailed Description of the Preferred Embodiments 
Goals of the Invention 

The problems discussed in the foregoing Background of the Invention have 
previously not been solved for either micro or macroencapsulation of cells in humans. 
The present invention overcomes these problems associated with transplantation. 
Thus, one goal of the invention is to eliminate the critical problems of transplantation 
in cases where whole organ transplantation is the only alternative to certain death. 
These are cases of heart or liver failure. The major advantage of the invention process 
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for this application is that it eliminates the shortage of organs for the patients by 
making animal organs acceptable in humans. While there are only about 4,800 human 
organ donors in the U.S. each year, the supply of animal organs for transplant is not 
limited. The reason that animal organs are not presently used is that they are acutely 
rejected when transplanted into humans even with immunosuppression. Second, 
continuous immunosuppression is not required in the process of the invention, thus 
eliminating the risk of exposing the patient to other serious diseases while the immune 
system is suppressed. Third, the cost of organ transplantation is drastically reduced 
because of the unlimited supply of organs and because the continuous use of 
immunosuppressive drugs is not required. 

A second goal of the invention is to make organ transplantation a safe, 
effective, practical therapy for those cases of disease where it is known now to be 
therapeutic but the risks associated with it prevent its widespread therapeutic use. 
Examples of these disease cases are kidney failure, pancreas failure and cystic fibrosis 
(lung failure). In these cases the advantages of the process of the invention eliminate 
the major obstacles. First, by making animal organs tolerated in humans the shortage 
of organs for these transplant needs is solved. Second, by eliminating the need for 
continuous immunosuppression, these patients are not exposed to other serious disease 
threats without a fully functioning immune system. Third, because of plentiful organs 
and no continuous immunosuppression, the cost of this transplant procedure would be 
greatly reduced. 

A third goal of the invention is to make cell or tissue transplants, as opposed 
to whole organ transplants, a practical therapy in cases where cells or tissue alone can 
cure a disease state by providing a lacking or deficient protein, enzyme or peptide. 
Examples of these cases are insulin-secreting islet cells for Type I diabetes, Factor 
Vlll-secreting hepatic cells for hemophilia, dopamine-secreting adrenal chromaffin 
cells for Parkinson's disease apd collagen for arthritis. A significant advantage of the 
process of the invention for these cases is that animal tissue or genetically engineered 
tissue expressing an absent or deficient protein of interest can be used if human tissue 
is scarce. In addition, cell types other than the normal protein-secreting cells can be 
engineered to secrete the protein of interest. For example, myoblasts can be 
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engineered by standard methods to secrete insulin. The use of such cells is also 
within the scope of the present invention. Continuous immunosuppression is not 
needed to protect the transplanted tissue and the costs would be reduced. Thus, even 
if pre-inoculation into the thymus with immunosuppression or irradiation of bone 
marrow with immunosuppression or monoclonal antibodies could be identified and 
produced for many disease states or encapsulation of fully therapeutic doses of tissue 
in some membrane device can overcome many technical problems, the process of the 
invention is a safer and more practical therapy than any of these. 

A fourth goal of the invention is the treatment of autoimmune diseases 
including diabetes, Alzheimer's, arthritis, multiple sclerosis, myasthenia gravis and 
systemic lupus erythematosus. In these diseases, the body's immune system attacks 
and destroys one's own tissue. By using the process of the invention, the immune 
system can be induced to accept grafted tissue or organs to replace those that have 
been destroyed without the autoimmune destruction of the newly transplanted graft. 
The advantage of this process is that organ rejection and autoimmune destruction are 
two completely different phenomena so that even with systems that may prevent 
rejection, in autoimmune diseases the grafts may still be destroyed by a different 
means. The process of the invention addresses both problems. 

A fifth goal of the invention is to make transplantation a practical therapy to 
prevent certain diseases from ever occurring, as well as treating existing diseases as 
previously discussed. The advantage of the process that makes this possible is the 
immunomodulation effect which stops or prevents the immune system from 
destruction of self tissue. Thus, for all autoimmune disorders, the process can be used 
to intervene in the course of the disease at a critical point before the immune syistem 
is initiated into self-destruction of tissue that is necessary for normal body function. 

As will be apparent from the ensuing detailed description of the invention, the 
present invention meets all of these goals. Additionally, the present invention also 
provides a number of advantages which would not have been readily apparent to one 
having ordinary skill in the art 
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Overview 

The present invention is a two step process. In the first step, a small number 
of cells or tissue is implanted into a mammal inside a device made of a biocompatible 
"permselective" membrane which protects the implanted cells from the -mammal's 
5 immune system while at the same time allowing the cells survive, A permselective 
membrane is one having a pore size selected so that it is small enough to prevent the 
entry of immunological factors such as cells or antibodies, yet large enough to allow 
the free passage of oxygen, nutrients and other molecules needed to sustain the 
transplanted cells. In addition, the membrane pores must allow the passage of 

10 antigens which are shed from the transplanted cells and prevent the entry of large 
immune system cells and antibodies. In a preferred embodiment, the mammal is a 
human. Alternatively, the mammal is a canine or feline. 

One of ordinary skill in the art can readily determine the proper pore size for 
the permselective membrane for any particular application of the present invention. 

15 It is preferable to use the largest pore size possible to prevent the entry of the 
undesirable elements because the larger pores allow better diffusion of the desirable 
elements such as nutrients and oxygen across the membrane. Smaller pore sizes (e.g. 
those excluding molecules greater than 100,000 daltons) are not necessarily a problem 
for diffusion as has been shown in long-term survival of cells in a 50,000. dalton 

20 membrane in vivo implant (Lacy et al., Science 254:1782-1784, 1991). 

Antigens shed from the transplanted cells pass through the permselective 
membrane into the body of the recipient where they are fully exposed to the immune 
system. The immune system will recognize these antigens as "foreign" and destroy 
them. This process will continue for some time with the immune system constantly 

25 destroying the shed antigens but not able to destroy the source which is the cells 
protected in the encapsulation device. In time, the immune system will begin to 
become .tolerant of these antigens because they do no actual damage in the body and 
the constant source cannot be destroyed. At this time, the immune system is tolerant 
to that particular cell type from that particular donor. 

30 Next, the second stage of the process is enacted. Now a fully therapeutic 

(curative) dose of cells, tissue or whole organ from the same donor as the tolerizing 
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dose is implanted in the recipient for cure* of the disease. Since this implant, whether 
cells, tissue or brgan, is from the same donor as the small dose, it is recognized by the 
immune system as "self 1 and a rejection response is not elicited. The immune system 
is folly tolerant to the new implant In one embodiment, the tolerizing dose is given 
5 as a single (bolus) dose. Alternatively, the tolerizing dose may. be administered 
incrementally over several weeks or months. In a preferred embodiment, the 
incremental tolerizing dose is the same as the bolus dose, only spread out in even 
increments. In another embodiment, the total incremental tolerizing dose is one to 
three times the bolus tolerizing dose. As for the bolus tolerizing dose, the incremental 
10 tolerizing dose is typically one to two orders of magnitude lower than the curative 
dose. 

In addition to eliminating continuous immunosuppression, this process makes 
animal organs and cells available for human implants (xenografts). Presently, these 
organs or tissues are acutely rejected in humans because of the wide immunological 

15 barriers between the species. With the process of the invention, even animal tissue 
. will be tolerated because tolerance is induced gradually over time. The availability 
of animal organs for human use will save many thousands of lives each year which 
are now lost due to the shortage of available human organs for transplantation. In 
addition, this process will allow transplant therapy for autoimmune diseases such as 

20 diabetes, arthritis, myasthenia gravis and multiple sclerosis. This is possible because 
as the immune system is tolerized to the new tissue, by the initial small implant, the 
self-destructive autoimmune process is suppressed. So, for diseases requiring organs 
or cellular transplants, this process eliminates current shortages by making, unlimited 
supplies of animal organs and cells available, eliminates the need for continuous 

25 immunosuppression, and protects the transplants from both rejection and autoimmune 
destruction. One particularly preferred source of xenograft cells or tissue for both the 
tolerization and curative steps is porcine cells or tissue. 

Even with the tolerizing effect of the xenograft, because of the wide species 
differences, an initial inflammatory reaction may occur in response to the curative 

30 dose. Thus, in one embodiment of the invention, the xenograft recipient is 
administered one or more anti-inflammatory agents. The anti-inflammatory agent is 
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administered either systemically or locally at the implantation site. The agent may be 
administered prior to the implant, at the time of implantation or subsequent to the 
implant for a time necessary to overcome the initial inflammatory reaction. The 
agents may be over-the-counter preparations such as acetaminophen or ibuprofen, or 
a specific immunosuppressive agent such as Cyclosporin (Sandoz) or Imuran 
(azathioprine, Burroughs- Wellcome). The agent may also block the binding of a 
particular antigen such as CTLA4Ig (Bristol Myers Squibb). The amount of anti- 
inflammatory agent to be administered is typically between about 1 mg/kg and about 
10 mg/kg. The extent of inflammation will determine whether the administration of 
such an agent(s) is necessary. The need for such agents is only temporary and not 
required for the ongoing survival and function of the transplant. 

The process of the invention can also be used to prevent certain diseases, 
particularly autoimmune disorders. In these cases the process is as follows. First, 
patients at high risk for the disease or already in the very early phase of the disease 
are identified. At. the critical time of the onset, the process is intervened with the 
small encapsulated tissue. For example, islets are used for Type I diabetes arid 
collagen is used for arthritis. This implant of foreign tissue immediately diverts the 
attention of the immune system to the new foreign invader and it begins the process 
to destroy this new threat. Because of this diversion, the process of self-destruction 
of desirable tissue that was just beginning is suppressed, then abandoned, then 
forgotten. It is, in essence, "switched off' and the damage is prevented. 
Implantati on of cells to treat existing diseases 

The first step of this method involves acquiring small amounts of cellular tissue 
for the initial tolerizing implant. The method in which tissue is obtained depends on 
the type of tissue needed, the source of the tissue, the donor, and the amount of tissue 
needed. These methods are generally well known by those skilled in the art of tissue 
digestion, separation, purification, culture, and the like. The following examples are 
only used to illustrate that these methods are readily available. 
Islet cells f or treatment of diabetes 

Islets are small clusters of cells located in the pancreas of mammals. They are 
composed of alpha cells which make and secrete somatostatin, beta cells which make 
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insulin, delta cells which make glucagon and other cells which make other proteins. 
To isolate the islet cells which make up only 1-2% of. the pancreas from the 
surrounding acinar tissue, the digestive enzyme collagenase is used. This process is 
described by Ricordi (Diabetes 37:413-410, 1988, hereby incorporated by reference). 
Once the islets are obtained, they are purified from acinar cells and can then be 
implanted fresh, cultured for extended periods, cryopreserved indefinitely or 
encapsulated. 

For use in human treatments, primary islet cells are obtained from human 
cadaver donors or from suitable mammalian sources such as rat, cow, or pig. For use 
of animal tissue in humans, it is desirable to assure safety of the animal source by 
using specific pathogen-free (SPF) or gnotobiotic colonies or herds of animals. As 
an alternative to a primary cell source, an engineered cell line which is genetically 
altered to produce the proper regulated amounts of insulin, glucagon, somatostatin, etc. 
is also suitable for treatment of diabetes. 

Adrenal chromaffin cells for Parkinson's disease. Alzheimer's and Huntington's 
disease 

Adrenal chromaffin ceils have multiple applications. They secrete the 
neurotransmitter dopamine for amelioration of Parkinson's disease, fibroblast growth 
factor, and can be engineered to secrete nerve growth factor which will counter 
degeneration and cell death in Alzheimer's and Huntington's disease. A collagenase 

digestion method of isolating adrenal chromaffin cells from the adrenal gland is 
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described by Livett (Physiol Rev. 64:1103-1161, 1984). Human or other mammalian 
sources can be appropriate sources of this tissue. 

Moreover, mammalian cells can also be genetically engineered to secrete 
certain proteins or peptides whose absence or deficiency is the cause of various 
genetic diseases (i.e. adenosine deaminase deficiency). In addition, such cells can also 
be engineered to secrete various cytokines and growth factors for the treatment of viral 
infections (i.e., interferon-y) and cancer (i.e., interleukin-2). Hormone deficiencies can 
also be treated by this method. Mammalian cells are transfected with an expression 
vector containing a gene encoding such a therapeutic protein or peptide. These 
expression vectors are constructed using standard methods well known to one of 



ordinary skill in the art. A tolerizing dose of these cells is encapsulated as described 
herein and implanted into a mammal. Two to three weeks later, a curative dose of the 
same cells is implanted into the mammal. The cells are no longer recognized as 
foreign, are not destroyed by the host immune system and continue' to secrete the 
desired therapeutic protein. 

Other conditions treatable by encapsulated cells producing peptides, proteins 
or other therapeutic agents include hypoparathyroidism (thyroid hormone), 
hyperadrenocorticalism (adrenocorticotrophic factor), dwarfism (growth hormone), 
Gaucher's disease (glucocerebrosidase), Tay-Sachs (hexosaminidase A) and cystic 
fibrosis (cystic fibrosis transmembrane regulator). In addition, cells expressing 
stimulatory or inhibitory cytokines can be encapsulated, resulting in stimulation or 
inhibition, respectively, of a particular cell type. For example, erythropoietin 
stimulates red blood cell production, interleukin-2 stimulates the proliferation of 
tumor-infiltrating lymphocytes and interferons inhibit certain types of tumor cells. 
Other conditions contemplated for treatment using the method of the present invention 
include amyotrophic lateral sclerosis, Alzheimer's disease, Huntington's Chorea, 
epilepsy, hepatitis, anxiety, stress, pain, addiction, obesity, menopause, endometriosis, 
osteoporosis, hypercholesterolemia, hypertension and allergies. 
Other cell sources and methods for other diseases 

Other cell/tissue sources and methods include collagen recovery from chicken 
for prevention and treatment of arthritis, Schwann cells from myelin tissue for 
prevention and treatment of neural degeneration and Factor VIII from liver 
hepatocytes for treatment and prevention of hemophilia. 

The amount of cells or tissue necessary for the initial tolerizing implant will 
vary depending on the disease, site, source, whether the tissue is primary or 
immortalized and other factors. Generally, the tolerizing dose is one or two orders of 
magnitude less than a full dose implant. For example, in diabetes it usually takes 
between about 10,000 - 20,000 islets/kg of body weight to provide adequate insulin 
production for normoglycemic Accordingly, the initial implant dose for tolerization 
is about 100 - 2,000 islets/kilogram of body weight Although the size of these doses 
are not known for all disease states, they can be optimized using routine dose/response 
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experiments well known to one of ordinary skill in the art In general, between about 
100 cells/kg body weight and about 5,000 cells/kg body , weight are suitable for 
tolerization. The corresponding curative doses are between about one and two orders 
of magnitude higher than these numbers. 
5 Preparation of encapsulation device, loading of cells and implantation 

The membrane for the device is chosen for the application needed based on its 
biocompatability, permeability, strength, durability, ability to be manipulated and other 
important considerations. A number of materials have already been shown to be 
acceptable for implants in mammals. Examples of some of these materials are 

10 ■• PAN/PVC acrylic co-polymers, hydrogels such as alginate or agarose, mixed esters 
cellulose, polytetrafluoroethylene (PTFE)/polypropylene (Lum et aL, Diabetes 
40:1511-1516, 1991; Aebischer et aL, Exp. Neurol, 111:269-275, 1991; Liu et aL, 
Hum. Gene Then 4:291-301, 1993; Hill et aL, Cell Transplantation 1:168, 1992, all 
hereby incorporated by reference) and polyethylene glycol (PEG) confonnal coating 

15 configurations (U.S. Patent No. 5,529,914, hereby incorporated by reference). 

A critical factor is the pore size that can be produced in the material chosen. 
For example, PEG macromers can vary in molecular weight from 0.2 - 100 kDa. The 
degree of polymerization, and the size of the starting macromers, directly affect the 
porosity of the resulting membrane. Thus, the size of the macromers are selected 

20 according to the permeability needs of the membrane. It is believed that for 
xenograft transplants (animal to human), antibodies of the immune system and 
complement are involved in rejection (Bachet aL Transplantation Overview 6(6):937- 
947, 1991). In this case, a pore size {molecular weight cutoff) of 150 kDa or smaller 
is desired to prevent the passage of the smallest immune antibody (IgG) through the 

25 pores of the membrane capsule. Thus, the application and its conditions will 
determine the choice of membrane material from many available alternatives. 
Likewise, the configurations of the device will be determined by the application. For 
purposes of encapsulating cells and tissue in a manner which prevents the passage of 
antibodies across the membrane but allows passage of nutrients essential for cellular 

30 metabolism, the preferred starting macromer size is in the range of about 3 kDa to 10 
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kDa, with the most preferred being about 4 kDa. Smaller macromolecules result in 
polymer membranes of a higher density with smaller pores. - 

It is also believed that for allografts (human to human), only entry of immune 
system cells must be blocked to prevent rejection of transplanted tissue or organs 
(Auchincloss, Jr., Transplantation Overview 46(l):l-20, 1988. In addition, it is also 
desirable to exclude other cells, the smallest of which are red blood cells which have 
a size of about 7 \xm. Accordingly, a membrane having a molecular weight cutoff of 
about 150 kDa is also suitable for encapsulation of allograft cells or tissue because 
such membranes will prevent entry of such cells. In an alternative embodiment, the 
pore size for allografts is about 0.4 nm or less~tir prevent the entry of immune and 
non-immune cells into the device. Cells can also extend processes ("arms") which can 
enter openings having a size of about 0.2 |xm. Thus, in another preferred embodiment, 
the pore size is about 0.2 fim or less. In a most preferred embodiment, the pore size 
is as small as possible to exclude entry of detrimental components, but allows cell 
survival by permitting vital molecules such as nutrients, proteins and oxygen to freely 
pass through the permselective membrane. A desired pore size may be obtained by 
adjusting the crosslink density and length of PEG segments by one of ordinary skill 
in the art without undue experimentation. 

If retrieval of the initial implant is unnecessary or undesirable, then a suitable 
configuration may be microcapsules where only a few or even single cells are each 
enclosed in separate membranes. Because of the small volume in this case, the 
microcapsules may simply be injected into one of many sites for the implant. If it is 
desirable to retrieve or reload the device or larger numbers of cells are necessary, a 
"macrocapsule" may be constructed wherein many cells are enclosed together inside 
one membrane. In this case, it has been shown that the environment inside the 
macrocapsule may need special conditions to allow the cells to survive. For example, 
an alginate matrix has been used to immobilize islet cells and prevent their 
aggregation and subsequent central necrosis (Lacy et al. f Science, 254:1782-1784, 
1991). 

For other cell types a different environment may be needed. The macrocapsule 
may be of any shape that is practical. Examples of shapes commonly used by those 
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skilled in the art are: 1) flat sheet "sandwiches" where two layers of the membrane 
are top arid bottom on the cells and the ends are sealed by heat welding, gluing, or 
other known means (Fig. 2). This method provides a large surface area for membrane 
exposure to the host systems and generally short diffusion distances which helps 
transport substances across the membrane; 2) A tubular membrane formed by co- 
extrusion or rolling a flat sheet into a tube and sealing the ends (Fig, 3). 

The cells can be placed inside the lumen at the same time the membrane is 
formed if co-extrusion is employed. If the tube is made first, the cells are loaded by 
syringe or other means and the ends are sealed by heat welding, gluing or other 
known means. As previously discussed, various matrices may be employed as needed 
by the enclosed cells. The tubes can be any suitable length and may be joined at the 
ends (potted) or woven if multiple tubes are used; 3) a spherical shape (Fig. 4) which 
has a large surface area compared to its volume and is efficient in some applications. 

These are only illustrative examples of how membranes may be configured into 
devices to hold ceUsr One irf ordinmy sldll m 

configurations are possible, thus providing great flexibility for many conceivable 
applications. 

The loaded devices are then implanted into patients in need of therapy. The 
method of implantation, site and duration are dependent on the disease being treated. 
For example, in diabetes it is desirable to have the shed antigens processed by the 
liver. Therefore, implantation in the peritoneum where the portal circulation would 
carry the antigens directly to the liver (intraportal) is a preferred site. Alternatively, 
if the dose is a small enough volume (i.e. 10 \i\ or less), direct injection into the portal 
vein is preferred. Other implantation sites include under the kidney capsule and 
subcutaneous implantation. 

For Parkinson's disease, the cells should be processed first in the brain. Thus 
implanting into the interstitial region of the brain is a preferred site. For each site, the 
method of implantation may be different. For example, intraperitoneal placement of 
a device for diabetes may be performed by a minimally invasive laparoscopic 
procedure. To place a device in the brain, the neurosurgeon commonly uses 
stereotaxic instruments to ensure exact placement For a subcutaneous implant, a 
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small incision to allow a trocar to be inserted may be used. For each preferred site, 
those skilled in the art will recognize the most efficient method of implantation. 

Once implanted, the cells are left in place for a period of time during which 
tolerization will occur. This time period will vary depending on the disease treated, 
5 whether an allograft or a xenograft transplant is being used, site of the implant, and 
other factors; Generally, tolerization requires from a few weeks to a few months. 
During this time, the transplanted cells constantly shed antigens from their surface. 
These antigens comprise a variety of small molecules which are constantly being 
replaced by living cells The antigens can pass freely out of the pores of the 

10 membrane and into the recipient at the locations of the implant and eventually into the 
circulatory system. The immune system immediately recognizes these antigens as 
"foreign" and initiate its mechanisms to protect the recipient from the intruder. These 
mechanisms are complex and not completely understood. Generally, it is believed that 
if the foreign matter is from a closely related species (allogeneic), cells of the immune 

15 system play the primary role in the immunological response. These cells include T- 
cells, macrophages, neutrophils, and natural killer cells which seek out the source of 
the invasion and destroy the foreign matter. If the foreign matter is a transplanted 
xenogeneic organ, preformed antibodies cause hyperacute (within minutes) reaction 
and rejection of the organ. If the foreign matter is xenogeneic cells or tissue, the 

20 antigen may not be presented and the preformed antibodies may not be the primary 
mechanism of rejection. Instead, macrophages stimulate killer T-lymphocytes and 
later (8-10 days) antibody stimulation causes final rejection of cells or tissue. 

In the present invention, however, neither system can destroy the cells of the 
implant when the pore size of the membrane is properly selected for the application. 

25 For example, if allografts are destroyed by immune cells, then the membrane pores 
must only prevent entry of these cells and thus may be about 0.4 jxm or smaller. 
Likewise, if it is necessary to prevent antibodies from reaching the cells, the pores 
must be smaller than the smallest of the human antibodies, IgG, which is 150 kDa, 
Of course, a pore size having a molecular weight cutoff of about 150 kDa or less is 

30 suitable for tolerization in both allografts and xenografts. 
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The use of a permselective membrane prevents the immune system from 
destroying cells encapsulated therein, even though the immune system recognizes the 
implant tissue as foreign and mounts a classical response. The immune response 
cannot destroy the cells because they are protected within the membrane device. 
Because the immune system cannot destroy the cells even over time, the system will 
come to tolerate the implant and cease trying to destroy it. While the mechanism for 
this tolerization is not known, it is analogous to desensitizing patients to allergic 
immune reactions (i.e. antibiotics or bee stings). In fact, an alternative method to the 
single tolerizing implant is the addition of more cells with more implants over time 
if necessary. At this point, the immune system basically recognizes this cellular 
material as "self and no longer mounts an immune response against it 
Implantation of full curative dose 

When the patient has been tolerized to the cells of the implant, a full curative 
curative size dose of the tissueor whole organ is administered as described in the 
following examples. 
Whole organ transplants - allografts 

In one embodiment, the method is used for a human allograft. In this 
embodiment, the tissue for the initial implant is taken from a living related kidney 
donor by biopsy or similar method and a tolerizing dose is implanted into the patient. 
When the patient is tolerized, the whole kidney is taken from the donor and 
transplanted into the recipient The graft is accepted with no continuous 
immunosuppression being necessary. 
Whole organ transplants - xenografts 

For most embodiments, it is preferable to use animal organs for human 
transplants. In these embodiments, the procedure is as follows: suitable animal 
donors are identified. Sources of these donors may be genetically identical (inbred). 
Tolerizing cells are taken froni any animal in the colony. Later, the whole organ is 
taken from any other animal in the colony. It is preferable that these sources are free 
of all contaminants of risk to humans so they would preferably be specific pathogens 
free (SPF) or gnotobiotic (totally isolated in sterile conditions) colonies or herds. 
Heart, lungs, livers, kidneys, pancreases and other organs may be used in this 
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embodiment, thus eliminating the critical shortage of these organs from the limited 
number of available human organ donors. 
Cellular transplants - allografts 

In this embodiment, the method is used for human to human cellular 
transplants. A full size therapeutic dose is obtained from the cadaver donor source as 
previously described. For example, islet cells are obtained from the pancreas of a 
human donor. The small amount needed for the tolerbring implant is taken from the 
preparation, encapsulated and implanted as previously described. The remainder of 
the cells are cryopreserved by known methods (Kneteman et al, Transplant Proc. 
18:182-185, 1986) and are held until tolerization is completed. The full preparation 
is then thawed and ready for implantation. If, in this embodiment, it is necessary to 
acquire cells from more than one donor to have enough for a curative implant, then 
the cells for the initial implant are taken from multiple donors and mixed for the 
implant. The recipient is therefore tolerized to all of the cells from the multiple 
donors. 

Cellular transplants - xenografts 

As with whole organs, the present method allows the use of cellular transplants 
from animals as well. Cells for the initial implant are taken from genetically identical 
animals or multiple pooled animals as previously described. When the individual is 
ready for the full transplant, cells may be taken from any other* member of the 
genetically identical colony or from multiple pooled animals if necessary for sufficient 
curative quantities. 

The implantation procedure for the fully curative dose of cells, whether 
allograft or xenograft, is dependent on the disease, the quantity of cells, the site, and 
other factors. For example, for diabetes, a preferred procedure for the implantation 
of islet cells in humans is to inject the cells through the portal vein so that they 
become lodged in lobes of thp liver. This procedure is done under local anesthesia 
and is minimally invasive to the patient For treatment of neural disorders, cells can 
be implanted into any selected area of the brain by well known stereotaxic surgical 
procedures. Those skilled in the art will know preferred methods for cellular 
implantation for each embodiment. 
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Implants for Prevention of Diseases 

Identification of patient populations is dependent on the ability to diagnose 
patients at high risk of developing certain diseases or those in early stages of the 
disease. Rapid progress has been made in this area of medicine primarily due to 
major advances in understanding and mapping the human genome. In addition, DNA 

r 

amplification methods, notably the polymerase chain reaction (PCR), can be used to 
diagnose certain genetic disorders. Other research areas for predicting diseases are 
advancing as well. 

In diabetes, the use of immune marker autoantibodies to establish preclinical 
diabetes has been well studied (Palmer, Diabetes Rev. 1(1):104-116, 1993). When 
these patients are identified, the physician determines at what point in the course of 
the disease it would be most advantageous to intervene. 

Individuals determined to be at risk for development of a particular disease are 
implanted with the appropriate cell type as described above. Methods for acquiring 
small amount of cellular tissue for the initial tolerizing implant, tissue types, the 
amount of tissue necessary for implantation, preparation of the encapsulation device, 
loading cells into the device, implanting the device into a patient, membrane 
parameters, device configuration, implantation methods, curative dose administration, 
etc. are the same as discussed hereinabove for disease treatment. 
Treatment of Diseases Arising from Lack of a Hormone 

A study was performed using an insulin-producing mouse tumor cell line 
encapsulated in a permselective membrane coating as described in the following 
example. 

Example 1 

Implantation of mouse insulinoma cells 
The NIT insulin-producing mouse tumor cell line was encapsulated with PEG 
conformal coatings of a single, configuration, 11% PEG 4,000 kDa molecular weight 
(See U.S. Patent No. 5,529,914), which corresponds to a molecular weight cutoff of 
between about * 10 kDa and about 70 kDa. The encapsulated cells were implanted 
beneath the kidney capsule at two different doses into C57B6 mice of a different 
allograft haplotype in which diabetes had been induced by intravenous injection (tail 
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vein) of 167 mg/kg body weight of streptozotocin (Upjohn, Kalamazoo, MI). 
Induction of diabetes by streptozotocin injection is a weir known procedure which 
destroys pancreatic insulin-producing p cells. 

Tolerizing doses of encapsulated insulinoma cells were 50 or 100 cell 
aggregates, each containing about 1,000 cells. Encapsulated cells were implanted 
beneath the kidney capsule using standard surgical procedures. Curative implants of 
unencapsulated insulinoma cells (2,000 - 3,000 insulinoma cell aggregates, each 
containing about 1,000 cells) were administered by free intraperitoneal injection 15 
or 20 days after the tolerizing dose to determine whether a sufficient quantity of cells 
survived. Control animals were given only the curative dose of insulinoma cells. 
Blood glucose levels were monitored and are shown for the 100 encapsulated NIT 
aggregate tolerizing dose, 50 encapsulated NIT aggregate tolerizing dose and non- 
tolerized controls (Figures 5, 6 and 7, respectively). 

The severity of streptozotocin-induced diabetes in these mice caused several 
of the animals to die during the periods of observation and during procedures done as 
part of the study. Table 1 indicates the number of animals involved in the study and 
their outcomes. The degree of diabetes is very high, with values over 500 mg/dl 
(shown as 500) for all streptozotocin-induced animals in the study. Many of these 
severely diabetic animals died of their diabetes during the study or following a 
procedure as noted. As shown in Figure 5, of the first group of 8 diabetic mice 
receiving 100 encapsulated aggregates, only four survived for the challenge 20 days 
later with' the unencapsulated aggregates. Two of these died overnight following the 
IP injection. The remaining two recipients both had a sudden and marked reduction 
in their glucose values between 5 and 9 days, with glucose values reaching levels of 
40 mg/dl and below (BM5 and BM11, Figure 5 and Table 1). If the insulin-secreting 
insulinoma cells induce immunological tolerance, the curative implant will be 
recognized as "self 1 and will not be destroyed by the recipient's immune system. 
Because the NIT cells are tumor cells ^hich double every 2-3 days in vitro, their 
survival would be expected to result in recipient hypoglycemia due to the increasing 
insulin-producing cell mas^ that would occur from living and growing tumor, cells. 
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In the second group of three recipients of 50 encapsulated aggregates for 15 
days, two died of their diabetes prior to challenge with unencapsulated NIT cells. The 
one animal that received the challenge of unencapsulated NIT cells (BM16) has not 
exhibited any reduction in blood glucose values for the same time of observation 
(Figure 6). None of the control animals only challenged with unencapsulated NIT 
cells exhibited any reduction in blood glucose values (Figure 7). 

The results indicate that encapsulated NIT cells given as a small mass prior to 
a large, unencapsulated curative cell implant permits the second curative dose to 
survive, reducing blood glucose values in a pattern suggestive of NIT tumor cell 
growth. A smaller dose of encapsulated NIT cells did not give this result. Control 
animals that only received unencapsulated NIT cells in a curatiye dose exhibited no 
reduction in blood glucose. These results indicate that the preliminary encapsulated 
implant tolerized the host to the following unencapsulated curative dose. When such 
a preliminary encapsulated implant was not done, the curative unencapsulated implants 
had no effect on blood glucose and were presumably destroyed by the host. 

table 1 



Animal # 


Toler, 
Encap. 
Implant 


# Encap. 
Cell Agg. 
Tol. Dose 


Delay 
to Cure 
Implant 


Unencap. 

Cell 
Implant 


# Unenc. 
Cell Agg. 
Cure 


Effect on . 
Blood 
Glucose 
















BM1 


yes 


100 


20 days 


yes 


2348 


none-died* 


BM3 


yes 


100 


20 days 


no-died 




n/a 


BM4 - " 


yes 


100 


19 days 


no-died 




n/a 


BM5 


yes 


100 


20 days 


yes 


2348 


down to 40 


BM6 


yes 


100 


20 days 


no-died 




n/a 


BM7 


yes 


100 


20 days 


yes 


2348 


none-died* 


BM10 


yes 


100 


20 days 


no-died 




n/a 


BM11 . 


yes \ 


100 


19 days 


yes 


2348 


down to 40 
















BM14 


yes 


50 


15 days 


no-died 




n/a 


BM15 


yes 


50 


15 days 


no-died 




n/a 


BM16 


yes 


50 


15 days 


yes 


2348 


none-500 
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Animal # 


. Toler. 
Encap. 
Implant 


# Encap. 
Cell Agg. 
Tol Dose 


Delay 
to Cure 
Imnlant 


Unencap. 

Cell 
Imnlant 


# Unenc. 
Cell Agg. 
Pun* 


Effect on 
Blood 

I vlllA — 

vjiucose 


BM29 


no 


0 






91S9 


none-out) 


BM31 


no 


0 








noneo uu 


BM32 


no 


o 






9^9 


none-^uo 


BM34 


no 


0 






9^9 


none-500 


BM35 


no 


o 








none-died* 


BM36 


no 


o 








none-500 


BM40 


no 


0 




yes 


2352 


A V V 


BM41 


. no 


0 




yes 


2352 


none-died* 


BM42 


' no 


0 




yes 


2352 


none-500 


BM43 


no 


o 




yes 


2352 


none-died* 


BM44 


no 


0 




yes 


2352 


none-500 


BM45 


no 


0 




yes 


2352 


none-500 



* Died during course of experiment-no effect on blood glucose 



Example 2 

Use of encapsulated islets for induction of allograft tolerance in rats 

Rat pancreatic islet cells are isolated by a standard collagenase digestion 
method (Ricordi, Diabetes 37:413-410, 1988) and cultured for three days prior to PEG 
encapsulation. Donor islets are derived from the Wistar Furth (WF) strain having 
MHC haplotype RT1-U. Recipients are of the Lewis strain having MHC haplotype 
RT1-1. Transplants across this strain combination are normally rejected within three 
weeks. Islet transplant mass is dosed on the basis of a standard 150 \xm diameter rat 
islet; an Islet Equivalent (Ieq). Islets are quantified and tested for sterility and 
mycoplasma prior to encapsulation and implantation. 

Islet cells are conformally coated with 11% PEG 4,000 kDa molecular weight 
by the method described in U.S. patent No. 5,529,914. As a negative control, 
acellular cross-linked dextran beads are encapsulated in a similar manner. Diabetes 
is induced in fasted Lewis rats by intravenous injection of streptozotocin (65 mg/kg) 
one week prior to implantation of the tolerizing dose and monitored during that week 
for blood glucose levels and weight changes. Rats are considered diabetic once their 
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blood glucose level exceeds 350 mg/dl. Rats having a minimal weight loss and blood 
glucose levels of 300-350 mg/dl are used for the study. 

Diabetic rats are implanted by trochar with a subcutaneous 30 day time release 
depot insulin (Linplant, Lishin, Ontario, Canada) to reduce the chances of 
5 ketosis/acidosis and to stabilize their diabetes. Animals remain hyperglycemic at this 
Linplant dose .(2 units of bovine insulin in 24 hours - lasts 30 days). 

Diabetic MHC disparate Lewis rats are surgically implanted once with 
encapsulated donor WF islets at the renal subcapsular site after anesthetization. The 
dose of implanted cells varies as outlined in Table 2. 
10 Table 2 



Group 


N 


Dose 


Rationale 


1 


12 


1200 encap islets 


high dose sensitization/tolerization 


2 


12 


600 encap islets 


low dose tolerization 


3 


12 


300 encap islets 


very low dose tolerization 


4 


12 


120Q encap acellular beads 


control for polymer 



As a control, a set of recipients (Group 4) is implanted with encapsulated 
acellular beads to control for possible polymer effects in tolerization. All implanted 
animals are maintained for intervals as shown in Table 3 prior to the second 
20 transplantation. At the time of implantation, serum samples from each animal are 
drawn and retained for future immunological analysis. 

Table 3 





Group 


N 


- Dose 


Implant 
Interval 
(days) 


Rationale 




la 


4 


1200 encap islets 


30 


high dose sensitize/tolerize-short interval 


25 


lb 


4 


1200 encap islets 


60 


high dose scnsitize/tolcrize-intermcdiatc interval 




lc 


4 


1200 encap islets 


90 


high dose sensitize/tolerize-long interval 




2a 


4 


600 encap islets 


30 


low dose tolerization-short interval 




2b 


4 


600 encap islets 


60 


low dose tolerization-intenncdiate interval 


30 


2c 


4 


600 encap islets 


90 


low dose tolerization-Iong interval 




3a 


4 


300 encap islets 


30 


very low dose tolerization-short interval 




3b 


4 


300 encap islets 


60 


very low dose tolerization-intermediate interval 




3c 


4 


300 encap islets 


90 


very low dose tolerization-long interval 
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4a 4 1200 cncap accli-bcads 30 polymer control-short interval ! 

4b 4 1200 encap accll-beads 60 polymer control-intermediate interval 

4c 4 1200 cncap acell-beads 90 polymer control-long interv al 

During the indicated period, animals are monitored for weight changes and 
blood glucose levels. One week before the second transplant, one animal in each of 
Groups la-lc, 2a-2c, 3a-3c and 4a-4c is sacrificed and the implant site analyzed by 
histological methods for determining viability of the tolerizing cells. 

Lewis rats remaining in Groups 1-4 receive a second transplant (curative dose) 
of WF islets which are unencapsulated. Transplant sites in each animal are intraportai 
(IP) at a dose of 6,000 Ieq and at one kidney with a dose of 100 Ieq (See Table 4). 
6,000 Ieq implanted into the liver is known to be a curative dose in the rat diabetes 
model. The 100 Ieq kidney capsule implant is only for histology at the end of the 
experiment. At the time of the second implant, serum samples from each animal are 
drawn and retained for future immunological analysis. For the next three weeks, 
animals are monitored for blood glucose levels and weight changes. At the 
termination of the experiment, graft sites are processed for histology. At this time, 
senim samples from each animal are again drawn and retained for future 
immunological analysis. 

Table 4 



Group 


N 


Recipient 
haplotype 


Dose 
# of islets 


Implant 
Sites 


Duration of 
Transplant 


la 


"3 


RT1-1 


6000 


IP/kidney 


3 weeks 


lb 


3 


RT1-1 


6000 


IP/kidney 


3 weeks 


lc 


3 


RTl-l 


6000 


IP/kidney 


3 weeks 


2a 


3 


RT1-1 


6000 


IP/kidney 


3 weeks 


2b 


3 


RTl-l 


6000 


IP/kidney 


3 weeks 


2c 


3 


RTl-l 


6000 


IP/kidney 


3 weeks 


3a 


3 


RTl-l 


.6000 


IP/kidney 


3 weeks 


3b 


3 


RTl-l 


6000 


IP/kidney 


3 weeks 


3c 


3 


RTl-l 


6000 


IP/kidney 


3 weeks 
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4a 


3 


RT1-1 


6000 


IP/Sidney 


3 weeks 


4b 


3 


RT1-1 


6000 


IP/kidney 


3 weeks 


4c 


3 


RT1-1 


6000 


IP/kidney 


3 weeks 



In Groups 1 and 4, no changes in the diabetic state are measured. In Group 
4, rejection occurs in the expected two week time frame as measured by a transient 
normoglycemia followed by a return to the diabetic state. In Group I, a more rapid 
rejection of the implant due to sensitization of the recipients occurs. In the recipients 
previously exposed to tolerizing doses of encapsulated WF islets (Groups 2 and 3), 
islet cells survive and result in a continuous maintenance of normoglycemia. 

Example 3 

Use of encapsulated islets for induction of allograft tolerance in humans 

Human islets are isolated from cadavers and 1,500 islets/kg body weight are 
PEG-encapsulated and implanted under the kidney capsule in a diabetic patient After 
two months, a curative dose of 15,000 unencapsulated islets/kg body weight are 
injected intraportally. Insulin administration is continued during the course of the 
protocol up to administration of the curative dose. Blood glucose levels are constantly 
monitored and are within the normal range. 

Example 4 
Treatment of Parkinson's disease (xenograft) 
Adrenal chromaffin cells are isolated from inbred baboon adrenal glands and 
1,000 cells/kg body weight are encapsulated in an appropriate PEG conformal coating. 
The capsule is implanted into the interstitial brain region of a human by a 
neurosurgeon using stereotaxic instruments. After 1 month of tolerization, 10,000 
unencapsulated cells/kg body weight are injected into the same brain region. 
Significant improvement in the condition is observed. 

Example 5 
Prevention of hemophilia 
A male individual at risk of developing hemophilia, an x-linked disorder, by 
virtue of family history, is subjected to genetic screening to determine the presence 
or absence of the gene encoding Factor VIII, and to clotting time analysis. If the gene 
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is. absent or clotting time is reduced, 2,500 liver cells/kg recipient body weight are 
isolated from a human donor and encapsulated in a PEG eonformal coating. The 
encapsulated cells are implanted under the kidney capsule. One month later, 5,000 
cryopreserved liver cells/kg recipient body weight (from the same donor) are injected 
intraportally. Clotting time is significantly improved. 

Example 6 
Liver transplant (xenografts 

An individual in need of a liver transplant is subcutaneously implanted with 
1,000 PEG-encapsulated liver cells/kg body weight isolated from an inbred baboon. 
Two months later, the entire liver is transplanted into the individual. Signs of organ 
rejection and vital signs are monitored over several months. Rejection does not occur. 

Example 7 
Prevention of myasthenia gravis (xenografts 

Myasthenia gravis is an autoimmune disorder resulting from the presence of 
antibodies against the acetylcholine receptor on neurons. An individual having very 
early signs of the disease is implanted under the kidney capsule with a tolerizing dose 
of 2,500 PEG-encapsulated neural cells/kg recipient body weight expressing the 
acetylcholine receptor isolated from baboons. This results in tolerization to the 
acetylcholine receptor and prevention of the disorder. 

It should be noted that the present invention is not limited to only those 
embodiments described in the Detailed Description. . Any embodiment which retains 
the spirit of the present invention should be considered to be within its scope. 
However, the invention is only limited by the scope of the following claims. 
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WHAT IS CLAIMED IS: 

1. A method of treating diabetes in a mammal in need thereof, comprising 
the steps of: 

implanting in said mammal a tolerizing dose of insulin-secreting cells from 
the same species as said mammal encapsulated in a biologically compatible 
permselective membrane; then 

administering to said mammal a curative dose of corresponding 
unencapsulated insulin-secreting cells. 

2. The method of claim 1, wherein said mammal is a human, canine or feline. 

3. The method of claim 1, wherein said tolerizing dose is one to two orders of 
magnitude less than said curative dose. 

4. The method of claim 1, wherein said insulin-secreting cells are pancreatic islet 

cells. 

5. The method of claim 1, wherein said membrane comprises polyethylene 

glycol. 

6. The method of claim 1, wherein said tolerizing and curative doses are porcine. 

7. The method of claim 1, further comprising the step of administering one or 
more anti-inflammatory agents to said mammal prior to, at the same time as, or subsequent to 
administration of said curative dose. 

8. The method of claim 1, wherein said membrane has a molecular weight cutoff 
of about 150 kDa or less. 

9. The method of claim 1, wherein said membrane has a pore size of less than 
about 0.4 |im. 

10. The method of Claim 9, wherein said membrane has a pore size of less than 
about 0.2 jam. 

11. The method of Claim 1, wherein said curative dose is between one and two 
orders of magniture higher that said tolerizing dose. 

12. The method of Claim 1, wherein said implanting step is subcapsular, 
subcutaneous, intraperitoneal or intraportal. 
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13. The method of Claim 1, wherein said administering step is intraperitoneal, 
intraportal or subcutaneous. 

14. The method of Claim 1, wherein said tolerizing dose is administered 
incrementally. 
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INDUCTION OF IMMUNOLOGICAL TOLERANCE 
Abstract of the Invention 
A method of creating tolerance to transplanted cells, tissue, or organs without 
the need for continuous immunosuppression. A tolerizing dose of a cell or tissue 
5 within a membrane structure is implanted into a patient. Once the patient becomes 
tolerant to the cell or tissue, a tissue or organ is implanted which will no longer be 
recognized as foreign matter. The method makes animal organs practical for human 
use, prevents autoimmune destruction as well as immune rejection. It has applications 
in treatment and prevention of many mammalian diseases. 
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DETAILED ACTION 



1 . Claims 1 - 1 4 are pending. 



2. Applicant's election without traverses of human as spices of mammal , intraportal as species 
of implanting step in the reply filed on 10/12/04 is acknowledged. 

Claims 1-14 read on a method of treating diabetes in mammal, wherein mammal is human, 
comprising implanting a tolerizing dose of insulin-secreting cells encapsulated in a biologically 
compatible permselective membrane and then administering a curative dose of corresponding 
unencapsulated insulin-secreting cells, wherein administering is intaportal under consideration 
in the instant application. 



3. The title of the invention is not descriptive. A new title is required that is clearly indicative of 
the invention to which the claims are directed. 



4. Applicant notes that an EDS was submitted with the prior application 10/660,924. However 
these citations have been crossed out as said references cited in said parent application cannot be 
found. Applicant is invited to resubmit such references to complete the instant file. The 
examiner apologizes for any inconvenience to applicant for having to resubmit such documents. 

5. The following is a quotation of the second paragraph of 35 U.S.C. 1 12. 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the subject matter 
which the applicant regards as his invention. 

6. Claims 1-14 are rejected under 35 U.S.C. 1 12, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant regards as 
the invention. 

A. Claims 1, 6 and 1 1 recites the limitation "administering a curative dose" There is 
insufficient antecedent basis for this limitation in the claim. The preamble of the base claim 1 
recites " a method of treating diabetes", not a method of curing diabetes. 
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B. Claim 6 is indefinite and ambiguous in the recitation of "..wherein said tolerizing and 
curative doses are porcine". It is unclear what Applicant means by this phrase, since " doses" 
can not be porcine. 

7. The following is a quotation of the first paragraph of 35 U.S.C. 1 12: 

The specification shall contain a written description of the invention, and of the manner and process of making and using it, in 
such full, clear, concise, and exact terms as to enable any person skilled in the art to which it pertains, or with which it is most 
nearly connected, to make and use the same and shall set forth the best mode contemplated by the inventor of carrying out his 



8. Claims 1-14 are rejected under 35 U.S.C. 1 12, first paragraph, as containing subject matter 
which was not described in the specification in such a way as to enable one skilled in the art to 
which it pertains, or with which it is most nearly connected, to make and/or use the invention. 

The specification does not enable any person skilled in the art to which it pertains, or with which 
it is most nearly connected, to make and or use the invention commensurate in scope with this 
claim. 

The specification disclosure does not enable one skilled in the art to practice the invention 
without an undue amount of experimentation. 

Factors to be considered in determining whetheAundue Experimentation is required to practice 
the claimed invention are summarized In re WaruteJ&& F2d 73 1, 737, 8 USPQ2d 1400, 1404 
(Fed. Cir. 1988)). The factors most relevant to this rejection are the scope of the claim, the 
amount of direction or guidance provided, the limited working examples, the unpredictability in 
the art and the amount of experimentation required to enable one of skill in the art to practice the 
claimed invention. 



The specification only discloses the effects of the implanting of insulin-producing cells on the 
level of blood glucose using streptozotocin-induced diabeties in murine experimental model. 
( See Examples 1-2 in particular). Examples 3-7 in the instant Specification are prophetic 
examples that indicate what the inventor thinks might happen in the experiments which have not 
actually been performed. The specification does not adequately teach how to effectively treat 
diabetes in mammal , wherein mammal is human, comprising implanting a tolerizing dose of 
insulin-secreting cells encapsulated in a biologically compatible permselective membrane and 
then administering a curative dose of corresponding unencapsulated insulin-secreting cells 
wherein administrating step is intaportal . Moreover, the specification does not teach whether 
administering of second i.e. curative dose that is one or two orders of magnitude more than 
tolerizing dose will be tolerated ( i.e. not rejected) in human. Roep et al (Nature Reviews, 
2004, v.4, pages 989-997) teaches that despite more than two decades of productive research, we 
are still yet to define an initiating autoantigen for human disease, to determinethe precise 
mechanism of P-cell destruction in human and to design invention thatprevent or cure type I 
diabetes. Studying the pathogenesis of diabetes in human is difficult. No animal model had 
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been developed that shows a reproducibly high incidence of disease in a timely experimental 
manner. Many of the preventive therapies that seems to be promising in mouse models did not 
show similar efficacy in human patient. We believed that it is necessary to re-evaluate and 
consider at a higher level the apparent difference in the immunology and biology of diabetes 
between mice and men. ( see entire documewnt, Abstract, pages 989, 990 and Table 1 in 
particular). MiStas^et al ( J. of Immunology, 2004, 172, pages 2731-238) teach that there exist 
significant differences between mice and humans in immune system development, activating and 
response to challenge in both the innate and adaptive arms. As therapies for human diseases 
become ever more sophisticated and specifically targeted it becomes increasing important to 
understand the potential limitations of extrapolating data from mice to humans . The literature is 
littered with the examples of therapies that work well in mice but fail to provide similar efficacy 
in humans. Teuveson et ah, ( Immun. Review 1993, Nl 36, pages 101-107) teach that one 
problem with rodent models of transplantation is that rejection is easily overcome in said models 
in comparison to the difficulty of overcoming allograft rejection in human ( see page 100 in 
particular). Teuveson et al., further teach that " however today's small animal models seem to be 
insufficient to produce data for clinical decision-making" and further raises doubt as to whether 
large animal models can be applied to clinical situations, due to species-specific reactions to 
treatment ( see page 101 in particular). Feldman et al (Transplant. Proc. 1998, 30, 4126-4127) 
teach that "while it is not difficult to study the pathogenesis of animal models of disease, there 
are multiple constraints on analyses of the pathogenesis of human disease, leading to interesting . 
dilemmas such as how much can we rely on and extrapolate from animal models in disease". 
Moreover, since the a method of treating diabetes in mammal, wherein mammal is human, 
comprising implanting a tolerizing dose of insulin-secreting cells encapsulated in a biologically 
compatible permselective membrane and then administering a curative dose of corresponding 
unencapsulated insulin-secreting cells can be species- and model-dependent ( see Van Noort et 
al. International Review of Cytology, 1998, v. 178, pages 127-204, Table III in particular) , it is 
not clear that reliance on the in vivo murine data accurately reflects the relative any mammal 
and human efficacy of the claimed therapeutic strategy. Van Noort et al., further indicate factors 
that effect immune response such as genetic, environmental and hormonal (Page 176, Paragraph 
3). The ability of a host to enhance an immune response will vary depending upon factors such 
as the condition of the host and burden of disease. 

Thus, as has been discussed supra, the state of the art is that it is unpredictable form the in vivo 
murine data disclosed in the specification as whether the instant invention can be used for the in 
vivo treatment of diabetes in any mammals including human. Therefore, it is not clear that the 
skilled artisan could predict the efficacy a method of treating diabetes in mammal, wherein 
mammal is human, comprising implanting a tolerizing dose of insulin-secreting cells 
encapsulated in a biologically compatible permselective membrane and then administering a 
curative dose of corresponding unencapsulated insulin-secreting cells. Thus in the absence of 
working examples or detailed guidance in the specification, the intended uses of the claimed 
method of treating diabetes in mammal, wherein mammal is human, comprising implanting a 
tolerizing dose of insulin-secreting cells encapsulated in a biologically compatible permselective 
membrane and then administering a curative dose of corresponding unencapsulated insulin- 
secreting cells are fraught with uncertainties. 
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Thus, Applicant has not provided sufficient guidance to enable one skill in the art to use claimed 
a method of treating diabetes in mammal, wherein mammal is human, comprising implanting a 
tolerizing dose of insulin-secreting cells encapsulated in a biologically compatible permselective 
membrane and then administering a curative dose of corresponding unencapsulated insulin- 
secreting cells in manner reasonably correlated with the scope of the claims. The scope of the 
claims must bear a reasonable correlation with the scope of enablement. In re Fisher, 166 USPQ 
1 8(CCPA 1 970) indicates that the more unpredictable an area is, the more specific enablement 
is necessary in order to satisfy the statute. 

In view of the quantity of experimentation necessary, the unpredictability of the art, the lack of 
sufficient guidance in the specification, the limited working examples, and the limited amount of 
direction provided given the breadth of the claims, it would take undue trials and errors to 
practice the claimed invention. 



9. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 
rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in section 102 of this 
title, if the differences between the subject matter sought to be patented and the prior art are such that the subject matter as a 
whole would have been obvious at the time the invention was made to a person having ordinary skill in the art to which said 
subject matter pertains. Patentability shall not be negatived by the manner in which the invention was made. 



10. Claims 1-4 and 6 -14 are rejected under 35 U.S.C. 103(a) as being unpatentable over US 
Patent 6,703,017 or by US Patent 5,425764 or US Patent 5,629,194 each in view Posselt et al 
(Diabetes, 1992, v.41, pages 771-775) as is evidenced by the disclosure of Specification on 
overlapping pages 12-13. 



US Patent '017 teaches a method of treating diabetes in a mammal comprising implanting 
insulin-producing cells encapsulated in a biologically compatible membrane ( see entire 
document, Abstract and columns 6, 8, 9 -14 and Example 12 in particular) . US Patent '017 
teaches that insulin producing cells are pancreatic islet cells from primary cell source ( see 
columns 8 and 1 1 in particular). US Patent '017 teaches that pancreatic islet cells are from the 
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same species as the mammal and are implanted interperitoneally into the tissue of a mammal 
beneath the kidney capsule ( see overlapping columns 13-14 and Example 2 in particular). US 
Patent '017 teaches that encapsulation of said insulin-producing cells in biologically compatible 
membrane for success of implantation is well known in the art ( see column 12 and Example 12 
in particular). 

US Patent '764 teaches a method of treating diabetes in a mammal comprising implanting 
insulin-producing cells encapsulated in a biologically compatible membrane ( see entire 
document, Abstract and overlapping columns 5-6 in particular). US Patent '764 teaches that 
insulin producing cells are pancreatic islet cells ( see column 1 and 4 in particular). US Patent 
'764 teaches that cells are implanted interperitoneally ( see column 5 in particular). 

US Patent '194 teaches a method of treating diabetes in mammal comprising implanting insulin- 
producing cells encapsulated in a biologically compatible membrane ( see entire document, 
Abstract overlapping columns 7-8,12 and Example II in particular). US Patent '764 teaches 
that insulin producing cells are pancreatic islet cells ( see column 8 in particular). US Patent 
'764 teaches that cells are implanted intaportal ( see column 7 in particular). US Patent '194 
teaches administration of one or more anti-inflammatory agent at the dosage sufficient to achieve 
the desired therapeutic effect. US Patent '194 teaches that said agent can be administered prior to 
at the same time or subsequent to administration of insulin-producing cells ( see overlapping 
columns 14-15 in particular). 

US Patent '017 or US Patent ' 764 or US Patent '194 does not explicitly teaches a method of 
treating diabetes in a mammal comprising administration two doses of insulin-secreting cells one 
tolerizing and one curative wherein tolerizing doze is one order less than curative. 

Posselet et al., teach that the important goal in the treatment of insulin-dependent diabetes by 
pancreatic islet transplantation is the development of strategies that allow permanent survival of 
pancreatic islet without continuous host immunosuppression. Posselet et al., further teach a 
strategy comprising two step process : first administering a small dose of cells that induces an 
unresponsive state, i.e. tolerizing dose and then administering fully therapeutic dose, at another 
site ( see entire document, Abstract in particular). Posselet et al., teach that said strategy 
permits the survival of pancreatic islet transplant. 

The Specification on overlapping pages 12-13 disclosed that curative dose is fully therapeutic 
dose. 



It would have been obvious to a person of ordinary skill in the art at the time the' invention was 
made to apply the teaching of Posselt at al. to those of US Patent '017 or US Patent ' 764 or 
US Patent '194 to obtain a claimed method of treating diabetes in a mammal comprising 
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administration two doses of insulin-secreting cells one tolerizing and one curative wherein 
tolerizing doze is one order less than curative 

One of ordinary skill in the art at the time the invention was made would have been motivated to 
do so, because a strategy comprising two step process : first administering a small dose of 
cells that induces an unresponsive state, i.e. tolerizing dose and then administering fully 
therapeutic dose, at another site permits the survival of pancreatic islet transplant as taught by 
Posselet et al. Said strategy can used in the method of treating diabetes in a mammal, 
comprising implanting pancreatic islet, taught by US Patent '017 or US Patent 4 764 or US 
Patent ' 1 94. The strongest rationale for combining references is a recognition, expressly or 
impliedly in the prior art or drawn from a convincing line of reasoning based on established 
scientific principles or legal precedent, that some advantage or expected beneficial result would 
have been produced by their combination. In re Semaker. 217 USPQ 1,5-6 (Fed. Cir. 1983). 
See MPEP 2144. 



From the combined teaching of the references, it is apparent that one of ordinary skill in the art 
would have had a reasonable expectation of success in producing the claimed invention. 
Therefore, the invention as a whole was prima facie obvious to one of ordinary skill in the art at 
the time the invention was made, as evidenced by the references, especially in the absence of 
evidence to the contrary. 

Claims 8-14 are included because it would be conventional and within the skill of the art to : (i) 
determine the proper pore size for the permselective membrane or (ii) to determine the optimum 
dosage and means of administration of insulin-secreting cells in an absent of a showing of 
unobvious property. Moreover, Applicant acknowledge that one of ordinary skill in the art can 
readily determine the proper pore size for the permselective membrane ( see page 8, line 13-20 
of the instant Specification in particular). Further, it has been held that where the general 
conditions of a claim are disclosed in the prior art, discovering the optimum or workable ranges 
or means of administration involves only routine skill in the art. In re Aller, 220 F2d 
454,456,105 USPQ 233; 235 (CCPA 1955). see MPEP § 2144.05 part H A. 



11. Claim 5 is rejected under 35 U.S.C. 103(a) as being unpatentable over US Patent 6,703,017 
or by US Patent 5,425764 or US Patent 5,629,194 each in view Posselt et al (Diabetes, 1992, 
v.41, pages 771-775) as applied to claims 1-4 and 6-14 above, and further in view of US Patent 
5,529,914. 



The teaching of US Patent " 017, US Patent ' 764 , US Patent' 194 and Posselt et al., have been 
discussed, supra. 
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The combined references do not explicitly teachers a method of treating diabetes in a mammal 
comprising implanting insulin-secreting cells, wherein insulin-secreting cells are encapsulated in 
a biologically compatible membrane wherein said membrane comprises polyethylene glycol 



US Patent '914 teaches a new type of biocompatible membrane as a covering to encapsulate 
biological materials, comprising PEG that is acceptable for implants in mammalian. ( see entire 
document, Abstract in particular). US Patent '914 teaches that various types of cells can be 
encapsulated in said biocompatible membrane and that said encapsulation will prevent 
rejection of encapsulated cells during transplantation ( see column 10 in particular). 

It would have been obvious to a person of ordinary skill in the art at the time the invention was 
made to apply the teaching of US Patent '914 to those of US Patent " 017, US Patent ' 764 , US 
Patent' 194 and Posselt et al., to obtain a claimed method of treating diabetes in a mammal 
comprising implanting insulin-secreting cells, whereiil insulin-secreting cells are encapsulated in 
a biologically compatible membrane wherein said membrane comprises polyethylene glycol 



One of ordinary skill in the art at the time the invention was made would have been motivated to 
do so, because encapsulation of cells in biologically compatible membrane comprising PEG will 
prevent rejection of encapsulated cells during transplantation as taught by US Patent '914. Said 
type of biocompatible membrane can be used to substitute the different type of biocompatible 
membrane for successful implantation of insulin-producing cells in the method of treating 
diabetes taught by combined references of US Patent " 017, US Patent ' 764 , US Patent' 194 
and Posselt et al. The strongest rationale for combining references is a recognition, expressly or 
impliedly in the prior art or drawn from a convincing line of reasoning based on established 
scientific principles or legal precedent, that some advantage or expected beneficial result would 
have been produced by their combination. In re Semaker. 217 USPQ 1,5-6 (Fed. Cir. 1983). 
See MPEP 2144. 



From the combined teaching of the references, it is apparent that one of ordinary skill in the art 
would have had a reasonable expectation of success in producing the claimed invention. 
Therefore, the invention as a whole was prima facie obvious to one of ordinary skill in the art at 
the time the invention was made, as evidenced by the references, especially in the absence of 
evidence to the contrary. 



(PEG). 



(PEG). 



12. No claim is allowed. 
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13. The lengthy specification has not been checked to the extent necessary to determine the 
presence of all possible minor errors. Applicant's cooperation is requested in correcting any 
errors of which Applicant may become aware in the specification. 



14. Any inquiry concerning this communication or earlier communications from the examiner 
should be directed to Michail Belyavskyi whose telephone number is 571/272-0840. The 
examiner can normally be reached Monday through Friday from 9:00 AM to 5:30 PM. A 
message may be left on the examiner's voice mail service. If attempts to reach the examiner by 
telephone are unsuccessful, the examiner's supervisor, Christina Chan can be reached on 
571/272-0841. 

The fax number for the organization where this application or proceeding is assigned is 703-872- 



Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private 
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 



Michail Belyavskyi, Ph.D. 
Patent Examiner 
Technology Center 1600 
January 24, 2005 
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An important goal In Jhe treatment of 
insulin- dependent diabetes toy pancreatic telft 
traru^laritatlon Is ^ 

allow permanent survival $f Isl ^ ^llogf|in3 wftHout 
we denu>nstme3^ 

extrattiymic i^;f^lifiM is specific, cannot 
be reproduced toy -. 
manful '0iifi;^^^0^l^^^^^^^^^^^^^e 
cells in the ttiy^ 
noiie «lls from ^ 

^^^^ 

responses to donor alloantlgens In mixed lymphocyte 
culture. Interaction of 



in alloan^ens m^ produce the 
unresponsiveness. This model offers a potential 
approach for establishing donor-specific allograft 
acceptance In adult recipients. Diabetes 41 :771 -75, 
1992 



■ nduction of donor-specific unresponsiveness repre- 
H sents the ideal approach for securing permanent 

I survival of pancreatic islet allografts because it pre- 

■ eludes rejection without the need for chronic immu- 
nosuppression of the host. Although it was demonstrated 
>30 yr ago that immunologic tolerance can be readily 
achieved in rodents by inoculation of donor-strain lym- 
phohematopoietic cells at birth, tolerance induction in 
adult recipients has been more difficult, requiring exten- 
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sive preparative conditioning by irradiation and/or treat* 
ment with nonspecific cyttiablative ^ chemotherapy (1-4). 
We previously reported that pancreatic islets, implanted 
in the thymus of allogeneic adult rats survived fkfma- 
nently and. in addition, rendered the recipients tolerant of 
donor alloantigens (5): In this study, the effiGacy bfthis 
approach in promoting transplantation tolerance was 
assessed by examining the impact of thtrathyrfiic inocu- 
lation of allogeneic "bone marrbvV cells (BMC) 1 oh the 
survival of extrathymic transplants of pancreatic islets. 
We demonstrate that rats prefrea^ 
injection of allogeneic BMC are rendered speafically 
unresponsive to donor alloantigens arid- permanently 
accept subsequent donor-strain islet allografts, further- 
more, this result can be accomplished without ne£d for 
other methods known to prolong islet allograft survival, 
such as pretransplant modulation of allograft immunoge- 
nicity or chronic immunosuppression of the recipient (6). 



RESEARCH DESIGN AND METHODS 

Bone marrow inoculation and islet transplantation. 

BMC were obtained from adult male Lewis (RT1 1 ) do- 
nors, depleted of contaminating erythrocytes by centrif- 
ugation on a Ficoll-isopaque gradient and inoculated 
intravenously into an abdominally displaced testicle or 
into both thymic lobes of histoincompatible male Wistar 
Furth (WF) (RTH recipients. Each recipient received 
60-70 x 10 6 nucleated cells; rats given intravenous 
BMC inocula received intrathymic injections of saline. 
Where noted, recipients were treated with a single dose 
of 1 cc rabbit anti-rat lymphocyte serum (ALS) i.p. 
(Accurate Chemical and Scientific. Westbury, NY) on the 
day of BMC injection. No additional immunosuppression 
was administered at any other time during the experi- 
ment. The rats were then rendered diabetic with 65 
mg/kg streptozocin i.v. and received freshly isolated 
(uncultured) Lewis or DA (RH*) islet allografts beneath 
the renal capsule 14 days after BMC inoculation. Only 
rats with nonfasting blood glucose levels >300 mgtil 
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Anti-TNFa Therapy Is Useful in Rheumatoid Arthritis and Crohn's 
Disease: Analysis of the Mechanism of Action Predicts Utility in 
Other Diseases 

M. Feldman, P. Taylor, E. Paleolog, F.M. Brennan, and R.N. Maini 



YT7HILE it is not to difficult to study the pathogenesis of 
VV animal models of disease, there are multiple con- 
straints on analyses of the pathogenesis of human disease, 
leading to interesting dilemmas such as how much can we 
rely on and extrapolate from animal models in disease? 

In the late 1980s, as a result of investigating cytokine 
expression and regulation in rheumatoid synovium, both in 
vitro and in vivo, we found that tumor necrosis factor 
(TNF)a was of major importance, as it regulated the 
expression of the other proinflammatory cytokine interleu- 
kin-1 (II^l). 1 We proposed that blocking TNFa would thus 
have major effects on the inflammatory process and hence 
would be clinically useful. 2 That prediction has been sub- 
stantiated in clinical trials that we have led using Centocor's 
chimaeric monoclonal antibody, cA2, now termed Remi- 
caide. Positive results were also reported using a humanized 
antibody produced by Celltech 3 and also using a TNF- 
receptor p75 IgGFc fusion protein, produced by Immunex, 
termed Enbrel. 4 Clinical effects of anti-TNFa have recently 
been reviewed. 5 

RESULTS AND DISCUSSION 

While the clinical results with the above three biologic 
therapeutic agents have been in the same ball park, mech- 
anism of action studies reported are only with cA2. The 
antibodies differ from TNF-R p75Fc in that the latter also 
blocks the related protein lymphotoxin, while the former 
are specific to TNFa: The consequences of this difference 
are not known, but differences are conceivable. 

The first pathogenic mechanisms that occur to be clari- 
fied in rheumatoid arthritis was the existence of a cytokine 
cascade in vivo, as had been described in vitro. The effect 
was rapid diminution of serum IL-6, and other cytokine 
levels. 5 ' 6 This accounts, in part, for the rapid onset of 
beneficial effects seen locally. Equally interesting was the 
observation that levels of cytokine inhibitors such as IL-lra 
and soluble TNF-R are also diminished rapidly. The latter 
observations confirm that both the proinflammatory and 
antiinflammatory arms of the cytokine cascade are TNFa 
dependent. This is discussed in detail elsewhere. 5 * 6 In 
rheumatoid synovial cultures in vitro the effect of anti 
TNFa antibody occurred subsequent to TNFa neutraliza- 



tion. In vivo, there is the interesting possibility that some of 
the cells producing TNFa which have TNFa on their 
surface prior to it being cleaved by "TNFaconvertase," may 
be killed by the antibody in the presence of complement 
from serum or by antibody-dependent cell-mediated cyto- 
toxicity. Such events can be shown in vitro. 7 

Recruitment of leucocytes to inflammatory sites is an 
essential step in permitting the inflammation to develop. 
This is a complex process, involving both adhesion mole- 
cules of various families (selecting integrins, and so forth) 
as well as chemotactic factors, with chemokines being the 
most abundant. It was found that cA2 therapy diminished 
the expression of adhesion molecules E selectin, ICAM-1, 
and VCAM-1 in various assays, and that chemokine pro-' 
duction such as IL-8 and MCP-1 was reduced, indicating 
downregulation of parameters for leucocyte recruitment. 1 * 
Formal proof of diminished trafficking has come from 
studies with radiolabeled leucocytes (Taylor et al, in prep- 
aration). 

Synovium in chronic rhematoid arthritis is very vascular, 
and to support the mass of synovium, ^ngiogenesis is 
required. Anti-TNFa antibody therapy was found to down- 
regulate the levels of vascular endothelial growth factor, 
suggesting that angiogenesis may also be -regulated by the 
inflammatory response. Support for that concept was also 
found in vitro. 8 

The conclusion from these studies is that in a chronic 
immune-driven inflammatory response there are a number 
of pathways that become engaged and can serve to sustain 
the inflammatory process. Those delineated above are not 
necessarily the only ones. 

IMPLICATIONS FOR OTHER DISEASES 

Local recruitment of leucocytes to the disease site occurs in 
many diseases. It is regulated by the same families of 
adhesion molecules and chemokines as in rheumatoid 
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Of Mice and Not Men: Differences between Mouse and 
Human Immunology 

Javier Mestas and Christopher C. W. Hughes 1 

Mice are the experimental tool of choice for the majority of 
immunologists and the study of their immune responses 
has yielded tremendous insight into the workings of the 
human immune system. However, as 65 million years of 
evolution might suggest, there are significant differences. 
Here we outline known discrepancies in both innate and 
adaptive immunity, including: balance of leukocyte sub- 
sets, defensins, Toll receptors, inducible NO synthase, the 
NK inhibitory receptor families Ly49 and KIR, FcR, Ig 
subsets, the B cell (BLNK, Btk, and k5) and T cell 
(ZAP70 and common y-chain) signaling pathway com- 
ponents, Thy A, yS T cells, cytokines and cytokine recep- 
tors, ThllThl differentiation, costimulatory molecule 
expression and function, Ag-presenting function of endo- 
thelial cells', and chemokine and chemokine receptor ex- 
pression. We also provide examples, such as multiple scle- 
rosis and delay ed-type hypersensitivity, where complex 
multicomponent processes differ. Such differences should 
be taken into account when using mice as preclinical mod- 
els of human disease. The Journal of Immunology, 2004, 
172; 2731-2738. 



Mice are the mainstay of in vivo immunological ex- 
perimentation and in many respects they mirror hu- 
man biology remarkably well. This conservation of 
function is reflected in recent reports on the sequencing of both 
the human and mice genomes, which reveal that to date only 
300 or so genes appear to be unique to one species or the other 
(1). Despite this conservation there exist significant differences 
between mice and humans in immune system development, ac- 
tivation, and response to challenge, in both the innate and 
adaptive arms. Such differences should not be surprising as the 
two species diverged somewhere between 65 and 75 million 
years ago, differ hugely in both size and lifespan, and have 
evolved in quite different ecological niches where widely differ- 
ent pathogenic challenges need to be met — after all, most of us 
do not live with our heads a half-inch off the ground. However, 
because there are so many parallels there has been a tendency to 
ignore differences and in many cases, perhaps, make the as- 
sumption that what is true in mice — in vivo Veritas — is neces- 



sarily true in humans. By making such assumptions we run the 
risk of overlooking aspects of human immunology that do not 
occur, or cannot be modeled, in mice. Included in this subset 
will be differences that may preclude a successful preclinical 
trial in mice becoming a successful clinical trial in human. 

In this review our aim is not to suggest that the mouse is an 
invalid model system for human biology. Clearly, with so many 
paradigms that translate well between the species, and with the 
relative ease with which mice can now be genetically manipu- 
lated, mouse models will continue to provide important infor- 
mation for many years to come. Rather, our aim is to sound a 
word of caution. As therapies for human diseases become ever 
more sophisticated and specifically targeted, it becomes increas- 
ingly important to understand the potential limitations of ex- 
trapolating data from mice to humans. The literature is littered 
with examples of therapies that work well in mice but fail to 
provide similar efficacy in humans (2-7). By focusing on some 
known differences between mouse and human immunology we 
hope to spur interest in this area and encourage others to note 
differences where they occur. 

Structure and general characteristics 

The overall structure of the immune system in mice and hu- 
mans is quite similar. As this topic has been recently reviewed in 
depth (8), we will not go into great detail here. One difference 
worth noting is that whereas mice have significant bronchus- 
associated lymphoid tissue, this is largely absent in healthy hu- 
mans (9), possibly reflecting a higher breathable Ag load for an- 
imals living so much closer to the ground. 

The balance of lymphocytes and neutrophils in adult animals 
is quite different: human blood is neutrophil rich (50-70% 
neutrophils, 30-50% lymphocytes) whereas mouse blood has a 
strong preponderance of lymphocytes (75-90% lymphocytes, 
10-25% neutrophils) (10). It is not clear what, if any, func- 
tional consequence this shift toward neutrophil-rich blood in 
humans has had. 

Tyrosine kinase receptor expression on putative hemopoietic 
stem cells (HSC) 2 shows a reciprocal pattern, with mouse HSC 
being predominandy z-kiF^>jlt-3~ whereas human HSC are 
predominantly c-krf°™ , flt~3 + (11). 
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major philosophical change would benefit 
this field, a proposition that is based on 
evaluation of Situations In which rqjieht 
models have provided useful guidance and 
in which they have led to disappointments. 

Human type 1 diabetes (T1D; formally 
known as insulin-dependent diabetes melli- 
tus) is thought to be an autoimmune disease 
in which, in genetically predisposed individu- 
als, autoaggressive CD4+ and CD8 + T cells 
invade the pancreatic islets of Langerhans and 
destroy the msulin-producing 0-cells l . The 
resulting lack of control of glucose levels in 
the blood results in hyperglycaemia, which 
leads to severe chronic complications with 
time: most notably widespread vascular dam- 
age that results in kidney Mure, blindness, 
heart disease and chronic ulcers. A prevention 
or cure for this disease has been sought for 
more than a century. However, even now, 
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interventions However, despite more than 
twodecades of productive research, we 
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forthe human disease, to determine the 
precise mecha/wshis of p-cell de^ruction 
in humans and to de^^n iriterventibns that 
prevent or cure type 1 diabetes -In this 
Perspective article, we propose that a 
major philosophical change would benefit 
this field, a proposition that is based on 
eyaluation.of situations in which rodent 
models have provided useful guidance and 
in which they have led to disappointments. 

Human type 1 diabetes (T1D; formally 
known as msulin-dependent diabetes melli- 
tus) is thought to be an autoimmune disease 
in which, in genetically predisposed individu- 
als, autoaggressive CD4+ and CD8+ T cells 
invade the pancreatic islets of Langerhans and 
destroy the insulin-producing p-cells l . The 
resulting lack of control of glucose levels in 
the blood results in hyperglycaemia, which 
leads to severe chronic complications with 
time: most notably, widespread vascular dam- 
age that results in kidney failure, blindness, 
heart disease and chronic ulcers. A prevention 
or cure for this disease has been sought for 
more than a century. However, even now, 
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model, the K4CaiiHe jsanormologueoftiie was $o diffk ult to define the specificity of -g^||^||trof sppnt^^^lli - : v .j 

^^Xxsk^merrmi^SArpQ0i02 allele in tie T cells that initi ite disuse 6 and to idbn- , &jicX%^ : J* 

■ humans/As a result/ it was assumed that Tib tify distinct environmental <*.^^fafi**k * 
.Was probably a<l>V T- cell- media ted auto- 
immunedisorder.ui which thejMHC .class II 
susceptibility dJeles f wouI3^e crucial in 



that,, uiifortilii^tely, TlO was much more 



Tabfe f j^o^arlson of autoimmun 


e diabetes in NOD triicc 








; m ' tiiii 
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yes ' r , ■ 
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Differences 
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Severe 


m m m i if? §»* s • 


Insulin gene 
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Incidence 


0.25-0.40% 


>8p% 


lillffilHSlil 11 






Gender bias 


No 


Females 




Lymphocytic infiltrates in other tissues 


Minority of individuals 


All mice 








Maternal autoantibodies 


Potentially reduced 
riskofTID 


Diabetogenic 








Successful intervention therapies 


Pending 


>195 




mice, if one restricts cdnsid^^O^ 
.antigens validated in ^blmded^WQr^op.s^:^^ - 
that is, insulin, glutanuc-aadWe^tb6^a>J r '< } s : V s 
: , (GAD) and is^t-cell antigen 2 tIAjiVCBy- 

contrast, autoantibodies mat'ares^l^f^^^i-o' t ^ ' 
G^orIA2,andpf^ciila^ - 



•Reference 114. ^Reference 115. GAD65, glutamic-acid decarboxylase 65; IA2, Istet-ceD antigen 2; NO, nitric 
oxide; NOD, non-obese diabetic; STZ, streptozocin. 



bom of these, are stxong predictors o f onset : ; * > . 
of H&D in Huinans^o Fui^emore, a recent 
reportidehtifiedmepresence^^ . 
islet autoantibodies as a diabetogemc factor , ^ .. 
in the ofFspr ing of diabetic : mice ,3 » u . In hu- ' 
mans, the situation seems to be the inverse: . 
transplacental transfer of autoantibodies has . - v 
frequently been observed, but this correlates 
with protection from islet-specific auto- 
immunity 15 . Despite these differences, fur- 
ther studies of NOD mice might provide us 
with important clues for understanding the 
pathogenic roles of autoantibodies in humans, 
which are unknown at present. (For exam- 
ple, these autoantibodies could potentially 
capture P-cell proteins and thereby increase 
the presentation of P-cell-derived peptides 
byBcelk) 

Both the NOD mouse and the BB rat have 
innate immune-system defects that have been 
well characterized, including defects in the 
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t ; ri^tu^atioj^ atod fanefepii of hatuf alMer cells, 



TlD i6 . On the basis of these immune defects, 
: the dey4pf)ine^t of 6, in the NOD mouse 
mjparticularv seems to be a 'default* pathway, 
disrupted only in the presence of encounters 
with the microbial environment 17 . Consistent 
^with this, MOD; mice heed to be kept under 
spetjUac-pa^pgen'-free conditions to develop 
r^p|fe|it?ta^^gh feojuehcy of diabetes. 
This feature mij^have an toj^rtant message 
for our un^^ 

^;m^omala<^.ofe^ly 




, .oocl infections might contribute to the 

geheral risk of -deyelQ^^a1ito : ^mw^<£s^ 
eases and allergic asthma, but this is certainly 
; \ . n^i|^ pase for all patients 1 *" 20 . Conversely, 
. > viral infections have been shown to trigger 
diabetes in diaWte^nresistatit strains of BB 
rats axvdin transgenic aViimal mpldels 21 "^, and 
; *th£y ate^jbUjghHO induce d1a1>etes:in at least 
some patients. therefore, to gain insist into 
- , the role of Viruses ifi the development of 
T ID, >tudie"sofNOD mice should be com- 
plemented by studies using other models, 
kdditfonai marked differences between the 
immune systems of rodents and humans 
\ ; > have been comprehensively summarized 25 
? v and include important discrepancies in both 
*' innate and adaptive immunity. From a Hst of 
' more than 80 differences, monospecific exam- 
■'.] jpies include variations in the balance of leuko- 
• \c$& subsets, anfigen-presenting-cell defects 
and 'dysregnlation of thymic selection 25 . It 
is easy to envisage that this large number of 
disparities between species would have a 
considerable impact on immune processes, 
including those leading to autoimmune 
disorders such as T ID. 

Despite this extensrve list of immunologi- 
cal differences and the inbred status of ani- 
mal models compared with the genetically 
heterogeneous at-risk human population, 
several pathways that can mediate p-cell 
destruction (both important pathways and 
redundant pathways) have been defined 26 " 43 . 
These include roles for CD4 + and CD8 + 
T cells, natural killer T cells, co-stimulation, 
presentation of islet autoantigens, and pro- 
and anti-inflammatory cytokines in P-cell 
destruction and thereby the development of 
autoimmunity in animals models of T1D. 
However, the mechanisms of p-cell destruc- 
tion in humans remain elusive, and it is pos- 
sible that, in humans, there are differences in 
the relative importance of individual mecha- 
nisms for disease initiation and progression. 
This lack of knowledge about human Tl D is 
not a shortcoming of animal models but is 
associated with our lack of understanding 




[ete^rteityuipai 
|thw|js occurs " " 



lOtypes.pres^ 



in 



about the subclinical disease process: in 

huma^>n#^^ • 

ati£ iesiiwfc ui&ujnans. IndeeaS irnrjii^^; 

me^ta^^ 

to cau^/i$et d^^ 

include those mechanisms that ^respon- 
sible in humans, mainly becau$e|ieatl^ all 
irrunune mechanisms tested Ijftvib^enfiaen^ 
tified as having a role in NOD mice, perhaps 
with the exceptipn of direct lysis kf MW^ 



mentr 

■ iol 

multiplicity of j 

wjth;tlE}'reinain5:tP be- anaiysM^] 
elucidating the underlying mecham^ms of 
spontaneous development of Tl D in each 
u^iqu^fe^jm^del, whether spontaneous 
orengmeered;w;fll conti^ 
investi^ the sp^ctjurnVof 

humaris. ^; 

Clearly; there are&aVyim^0^ta| 
still. tb be learned from animal models of 
1fl£).lJ4f0m 

extrapolation of relevant data from animal 
models to clinical practice, in terms of dis- 
ease preventioh;have oftenbeen inebtrec^ite 
proven unsuecessruL But why is this the ease? 
As mentioned previquslj^ ^QDiniice and 
. /other anirrial models ofTlD might reflect trie ; 
events of only a subset of the human popula- 
tion with Tl D. The variation in cjhucil man- 
ifestations might therefore require more 
individualized and customized treatments. 
Furmermorei me possibilities for prevention 
that have been discovered using NQD mice 
have hot all been tested in humans. It seems 
reasonable to speculate that the same positive 
results observed in NOP mice Would occur in 
humans if these treatments were applied. An 
important question is whether such treat- 
ments are acceptable in therapeutic settings, 
in terms of bom the risk arid the ethics. In 
addition, although translation of prevention- 
based therapies from animal models to 
humans has been difficult, application of 
methods for disease reversal might prove 
more favourable with time, because prelimi- 
nary results from studies of a few agents (dis- 
cussed later), when tested in NOD mice with 
recent onset of diabetes 4 *" 48 , have shown 
effectiveness in pilot studies of humans 4930 . 
Clearly, our lack of knowledge regarding the 
roles of effector T cells, regulatory T cells and 
islet- resident antigen-presenting cells in 
human T ID is a shortcoming of both studies 
of prevention and disease reversal. Indeed, 
more emphasis should be placed on studies of 
the immune system in humans and, in partic- 
ular, the mechanisms of T-cell regulation and 
dysregulation that arise in health and disease. 



a* 



st^ strengt 

Animal models should also l^a;fe;i^^<3^=-r. 
uig the imaging of insulins, developing diag- 
nostics and testing stem-ceil techftplb^es^or. f ? ' \ i\ 
p-ce!l -rep!^iient therapy The appiic^ion^ .', : « lp 

Genetic Wnip'datmn of rfdcfcjS < If , 



Warranted. , 




enabled researchers to:4etenmne tht precise- ^ : 

cells versus regulatory oelis andi&^|^^^ut r . ^ . ' 
that disturbance of this balance can leafl to 
T lD 62 * 7 ^ 73 . Furthermore, iye' now lmpw ife^ • ; ^ 
high number of antigen-speciflic^^ells is^^- ; X 
required to drive the autbantigeh-specific 
response in hosts who.are-not gen^tjcillyj* ^ - 
predisposed to disease, partictBan^ ife^ blie % ■ 
or a small number of P-cell a^to^j^niure , 
targeted 72 ^ 75 . By contrast, treatmmf witlif elk-^^ s\ 
tively small numbers of regdatory celfe ^ be, 
effectrye m preventing disease 62,71 . ; f 

Several important issues, hpweve^ must be . • 
considered when utilizing sucfi modejs- Firs^ 
the transgenic overexpressioh of cy tokines 
and chemokines by 0-cells frequently ^results ; : / 
in variable findings, which depend on the 
precise time of expression with respect to the 
ongoing autoimmune response that precedes 
the clinical onset of hyperglycemia and dia- 
betes. For example, tumour-necrosis factor 
can have opposite effects when expressed at 
the start of an autoimmune attack (enhance- 
ment of disease 76,77 ) and when expressed later, 
when most P-cells have been destroyed and 
islets are fully infiltrated (reduction of dis- 
ease 33 ) . So, it is necessary to be more cautious 
when considering the direct use of such 
cytokines for human therapy and to rationally 
and safely correlate the different stages in 



NATURE REVIEWS | IMMUNOLOGY 



©2004 Nature Publishing Group 



VOLUME 4 | DECEMBER 2004 | 091 



rodent pr^>^^|f^!#ild in human patients might even be the case for animalsi \^^n(ft- n^g|tbi|^|D^c^s|£.^ 



pecific for one or more islet antigens) —a 



diabetes.as wilaUype uni tti.il>), but cytokines \ models; arid patients with 
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In some cases, spcnteuieous a1abet< 
can ckxxit when these molecules 



Anti-apoptosis 



in islets promptes TI D: If $-cefe function 
as professional APCs, T1 D deveY ' 

;®al^eJe^ite^S^=''' : •" 



Fas 
ec/-2 



No marked prevention of T1 D 
in most models. 



Redundant mechanisms of p-ceil 
destruction exist. 





Cytokine, 



//-70 

Tgf-/? 

Ifn-y 



58,78, 
79, 
122, 
123 



•Mutation of residue 57 of the MHC i-A° 7 0-chain to aspartjc acid leads to a mutant MHC molecule that protects against diabetes. ^Expressed only in the thymus. 
fi Uslng antlsense GAD transgene not gene deletion. APCs, antigen-presenting cells; Bd-2, B-cell lymphoma 2; Gad, glutamic-acid decarboxylase; gp33, a peptide 
corresponding to amino-acid residues 33-41 from the LCMV glycoprotein; HA, haemagglutinin; HEL, hen-egg lysozyme; Ifn, interferon; //, interieukin; LCMV, lymphocytic 
choriomeningitis virus; NOD, non-obese diabetic; OVA, ovalbumin; OT- 1 TCR, TCR specific for an OVA peptide In the context of MHC class I; RIP, rat insulin promoter; ; . 
T1 D, type 1 diabetes; TCR, T-cell receptor; Tgf-fr transforming growth factor-p; Tnf, tumour-necrosis factor. . • 
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autbit^uh;% beq^usi ILr2 production is 
re^uld for ^-<&&aj^ 
T-celi^ and a pridri, T tells 

(rajn^OD mice j^iiiqe less IL-i.-Qn-a per 
cellttatis 06 . ^tiis'is co'risistenfcwith the sup- 



4nd appriealtion of \yhfthexdrnptM^;df 
Tlpin/t$^^ 
heen^^ej^ 



N^^rriicetP hunians (M^'^^MMkfy ^ ^ ^ 
stifei%mep<is insulin |ft|#^i^^ ^^e^- ! > 



a mull 



Imee 



cell iJasis 06 . !f Msis c^tistenfcwith the sup- ru^&Box^a^^^ 

pression'of diabetogcnc$is that is acfreveftby understanding of the many potential path- 

jong-terrft treatment .of NOP mice with ways that carilead to TIP, However/increas^ 

reecirhbmant IL-2.(rej?86) However, it seems mge^plS^ 



recombinant IL-2 <(reN$) However, it seems 
thafcalow^^^^ indi- 
vidual T-ceh f basisis hot a direct rriarker for 
pre-iabet^ui humaris^ ^ contrast, over- 

: expr^tyi}^ 




:lat$4l^^ 
the applieitibn of aiu^airhodels to studies ofi 



u> tEe European Nicotihan^M^lDiabfctes ;\ *> 
• JntecvetitionTTial?f) have led sox ^^^^^{[^ y 

. v 
wny, amid this back-drop, the#'- - 
animal-models j^ihgqijes^^ 
th.atthepveM ^ j , 

teil£rham H ^ v/r "\ 

'■■ wrn^ffrij^^ 
but only if the studies are subject ^0'I^5p£r/> -1 



* for t^e receptor r&s snkwh proffiis^n/ 
islet transptrmtatioV a and is currently under 
ev#uajdon]in hOmahs vntK T1D. using a com- 



(see Type 1 Diabetes TrialNet in the 0rume 
links box). ^ ea^enrneh^^ deKulrtg a giyen 
fectyrjea^mot be expected t&< result in the 
opposite outcome 0f increasing it locally 



Given the* increasing number of silccesi t i > 




daf^qbUined ''frpin-r^entijiQjdeb^tO-lhe use 
of cytokines or chemokines in human rnter- 
yie|iUphsj(rx)th local and systemic) v^ll require 
jji^e and detail^ 

fhera-. 



idea has ^ovfn\a^0^hy iii *e^lfo / 

Iimitedtnumber of high-profile failures of 
stujfies ; ^teuyptin£ to effectively translate 
merapeutic studies of T il) prevention from 



ar^al^adel;mwru^ „ 
Wa^r^j^H^^ 

this study, lymphocyte-specific sergni^^s^ , 
usecf;to : reverse disetse )m-%B^t^%^^p^\^% [ " 
this approach has only recently;Bej^ > r 



will also be important that the mechanisms 



'at least dne other animal model: for example, 
NOD mice. !■/.'■'"...' 

- : Third, it is of crucial importance when 
using : engiheered animal models of T1D to 
consider that the way in which the disease 
manifests depends on the genetic background 
of the mouse. Therefore, backcrossing studies 
need to be well controlled, using carefully 



and sufficiendy high numbers of animals. It is 
known that ^background* genes can still influ- 
ence disease penetrance after more than ten 
backcrpsses 40,90 . Fourth, a general caveat is 
that overexpression of immune mediators in 
p-cells can create situations in which the 
expression of transgenes driven by the rat 
insulin promoter might be at such a high 
level, using most of the transcriptional 
machinery, that it prevents endogenous gene 
expression by p-cells, thereby directly increas- 
ing the vulnerability of the animal or even 
affecting its survival. This can be circumvented 
by using appropriate controls for insulin 
secretion and in vitro assays that validate 
normal P-cell function. 

As a result of studies using both sponta- 
neous and engineered animal models of T1D, 
researchers now have a better understanding 
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Earfy preyentmof disease 
{for example, £ 
. h NOD'm.ice ls ^Sy 



Ute ihteryehtibrte ; for disease 
prevention or reversaJlbNCD 
; rntee^ain^^ 



Focus attemptsat early, intervention oh 
agents that atesuitabjefor such u$e in humans 
(with respect to ethics, safety and cost) " 



<h^ease£ Sb, te^i^e4s 
situations might be better smted^fOFdeififi|^ 



1 1 II 



Many reports use the word 
'prevent 1 but 'delay 1 might 
be more appropriate 



Establish criteria that define , marginai:delay\ 
'significant delay* and absolute prevention- 



Animal models are not chosen 
according to the questions asked 
but based on their frequency of 
use in the scientific community 



Re-evaluate the relevance of each model to the 
questions asked. Avoid making animal models 
gold standards' for all questions asked 



NOD, non-obese diabetic. 



human T1D. We think that, rather than b^irlg 
a negative feature>th^^ 

for tfcerelevance of rodent fnq4els id human 
T^because^ S 
fioJt to reverse liyhu mans than m rodents; In 
addition; this difficulty is even more marked v . . 1 
after hyperglycaemia has been established 
However* we think that there is a practical 
benefit to investigations, because at present, 
most studies are auned at disease reversali , 
and many of these studies form part of orga- 
nized efforts to avert disease (see Typk 1 . 
Diabetes TrialNet and Irnrnune Tolerance • 
Network in the Online links box). That is, 
NOD mice and other rodent models can pro- 
vide a degree of similarity that should be a 
feature to take advantage of in studies that 
aim to prevent disease. 

In the end, a more-balanced approach to 
rodent models could be based on the asser- 
tion that each model is only representative of 
a single case report. Ironically, there are 
interesting clinical counterparts of gerie- 
knockout models, because there are patients 
with genetic deficiencies that provide spe- 
cific information on certain pathways of a 
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di&efc^;Howevar,^^ Sports 
are dfM^ 



pandits ^tjfe exe^ 

sm^sltod<^becanied ou t to iteffiti^the 
clinic|l^ 

spp^t^^j^A^^t0^^^^e clinical 
reports should have an eijiial-po^pn. The 
gitsiir&ptidn of rg^e^d^ that ajStoals with 
spotfahelpjisly occtirring disuse moi%^^ 

" complex diseases 'in humans (for 1 example, 
Tip) than niod^s of induced peases might 




but on contrihotioristb a team a^d : the abil- 
ity ofan individual to cdopejate^cplltobute 
andjwofck^ 

ingssh^d^ike second .glace. Thisjwitt be 



The need for a chi _ 

We thinfctjhat there is an immediate need 
for a cultural change When ; : earryin^out 
research 'that will be translated from mice to 
men and' that' tiiis ^Ul^n ceritaih-c^ses, need 
to, heWol^&ed^fat^^ 
sltiiumjr^^th r ^s id^ We do/not^antto 
im^fy;{|a&i$te^ 

iisfe^iWe^ idea 
that translational studieSrhave^atrived at a 
Stage at ^htcli fiiriher changes will be bene- 
ficial The scientific community needs to 
find ways to reward individuals who are: 
inyolyedin larger team efforts and to pro- 
vide car eer Jpathway^ are •■ hot based; 
solely on acc umul a tmg .publications with 



nisms that support such efforts are already 
on the nse! 01 We now detail the reasons for 
tHis philosophical and structural change in 
how data obtained from studies of animal 
models are used. 

Given the ease of successful retardauon of 
diabetes by intervention at an early stage 
of immune attack on the islets (a stage that 
precedes overt clinical hypei^caemia in the 
NOD mouse), it is difficult to evaluate claims 
that a reagent has potential for preventing 
diabetes in humans if there is no accompany- 
ing evidence that it is effective in one of the 
rat or transgenic mouse models. Overall, 
making one animal model the 'gold standard* 
and discounting findings in alternative mod- 
els that might better address certain questions 
or show the 'universality* of a prophylactic 
intervention or therapeutic treatment should 
be avoided. This change would require fund- 
ing agencies to allow investigators to have 
maintenance costs for colonies of rodents 
used in several distinct models, or it would 
force investigators studying different models 
to collaborate in running trials. 

Finally, it is essential to validate important 
findings in humans. This requires more 
resources and needs larger groups to work in 
cooperation. Therefore, the funding mecha- 
nisms, as well as the scientific culture in the 



research;^ 

having access to' several if^d^^sp j^fe; f 
^^^^^^^^^^^^^^^ 



, elidtedf^fdu|h immunization with ttsme 
ahtigen^,i£fe 
vants such as 

evidence that^similat tr^^rs occur in the . 
human-disease counterpjiirt Under the$£ 
noh-physiblogicalcq^^ 
i could result that ihave; little ^sdciatio n with 
the human disease. For example, concerns 
have recently arisen about whetier data 
pbj^6d&)m e^el^e^tal allergic 

encephalomyelitis (EAE) hav&been appropri- 
ately applied to the human disease that is 
being modelled, mulHpie sderosis, and similar 
translational issues, as delineated iri this arti- 
cle, will apply for Tlp 102 Mternauve models, 
such as modelsofvirally induced autoimmu- 
nity, should be used more frequently and 
when appropriate- °* 

How for reaching should the conclusions 
be that we draw from observations in a given 
animal model? We suggest more caution than 
is usually exercised in the current scientific lit- 
erature. The prevailing attitude is still that, 
after a discovery has: been made in one of the 
animal models thought to represent the 
human disease (for example, the NOD mouse 
model of T1D, the SJL mouse EAE model of 
multiple sclerosis 104 and the (NZB x NZW)F 1 
mouse model of systemic lupus erythemato- 
sus 105 ), there is no urgent need to carry out 
similar experiments in other model systems. 
If the same result is found, it is considered to 
be confirmatory; if a different result is found, 
the 'secondary* model is frequently labelled as 
'not as good* or even flawed, for which vari- 
ous reasons are then cited. We think that this 
can be treacherous and might hamper the 
translation of research carried out using ani- 
mal models. An example of this is the nearly 




■^^i^ ^^^siics rWamreVbh#dMfi'6'^ .'• 




erarions, this Would involve studij^^-eori^ 
trolled environments, interventio^^aryses 
across a broad range of Um^^d^d^seS,/. \ 
robust studies 6 f safe ty, considerate^ ~'4ff*$W&X 
genetic and immunological d^^ X. I ; 

studies carried put m more tlian ;o^ammal /-'.> ; 
model. Frequent comparison with emerging ^' . ; 
human datirwiU also be necessary (inducing 
getting aceessto die same organs), and larger 
teams might be required to enable such a . ••> 
broad approach. HopefMy, unpleme^ting 
these changes will enable the lessons learned •? 
from animal models to mbre-rapidly find 
applications for the treatment and prevention 
ofhuman disease. ! ' /< 
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Of Mice and Not Men: Differences between Mouse and 
Human Immunology 

Javier Mestas and Christopher C W. Hughes 1 

Mice are the experimental tool of choice for the majority of 
immunologists and the study of their immune responses 
has yielded tremendous insight into the workings of the 
human immune system. However, as 65 million years of 
evolution might suggest, there are significant differences. 
Here we outline known discrepancies in both innate and 
adaptive immunity, including: balance of leukocyte sub- 
sets, defensins, Toll receptors, inducible NO synthase, the 
NK inhibitory receptor families Ly49 and KIR, FcR, Ig 
subsets, the B cell (BLNK, Btk, and \5) and T cell 
(ZAP70 and common y -chain) signaling pathway com- 
ponents, Thy-1, yS T cells, cytokines and cytokine recep- 
tors, Thl/Th2 differentiation, costimulatory molecule 
expression and function, Ag-presenting function of endo- 
thelial cells, and chemokine and chemokine receptor ex- 
pression. We also provide examples, such as multiple scle- 
rosis and delayed-type hypersensitivity, where complex 
multicomponent processes differ. Such differences should 
be taken into account when using mice as preclinical mod- 
els of human disease. The Journal of Immunology, 2004, 
172: 2731-2738. 



sarily true in humans. By making such assumptions we run the 
risk of overlooking aspects of human immunology that do not 
occur, or cannot be modeled, in mice. Included in this subset 
will be differences that may preclude a successful preclinical 
trial in mice becoming a successful clinical trial in human. 

In this review our aim is not to suggest that the mouse is an 
invalid model system for human biology. Clearly, with so many 
paradigms that translate well between the species, and with the 
relative ease with which mice can now be genetically manipu- 
lated, mouse models will continue to provide important infor- 
mation for many years to come. Rather, our aim is to sound a 
word of caution. As therapies for human diseases become ever 
more sophisticated and specifically targeted, it becomes increas- 
ingly important to understand the potential limitations of ex- 
trapolating data from mice to humans. The literature is littered 
with examples of therapies that work well in mice but fail to 
provide similar efficacy in humans (2-7). By focusing on some 
known differences between mouse and human immunology we 
hope to spur interest in this area and encourage others to note 
differences where they occur. 



Mice are the mainstay of in vivo immunological ex- 
perimentation and in many respects they mirror hu- 
man biology remarkably well. This conservation of 
function is reflected in recent reports on the sequencing of both 
the human and mice genomes, which reveal that to date only 
300 or so genes appear to be unique to one species or the other 
(1). Despite this conservation there exist significant differences 
between mice and humans in immune system development, ac- 
tivation, and response to challenge, in both the innate and 
adaptive arms. Such differences should not be surprising as the 
two species diverged somewhere between 65 and 75 million 
years ago, differ hugely in both size and lifespan, and have 
evolved in quite different ecological niches where widely differ- 
ent pathogenic challenges need to be met — after all, most of us 
do not live with our heads a half-inch off the ground. However, 
because there are so many parallels there has been a tendency to 
ignore differences and in many cases, perhaps, make the as- 
sumption that what is true in mice — in vivo Veritas — is neces- 



Structure and general characteristics 

The overall structure of the immune system in mice and hu- 
mans is quite similar. As this topic has been recently reviewed in 
depth (8), we will not go into great detail here. One difference 
worth noting is that whereas mice have significant bronchus- 
associated lymphoid tissue, this is largely absent in healthy hu- 
mans (9), possibly reflecting a higher breathable Ag load for an- 
imals living so much closer to the ground. 

The balance of lymphocytes and neutrophils in adult animals 
is quite different: human blood is neutrophil rich (50-70% 
neutrophils, 30-50% lymphocytes) whereas mouse blood has a 
strong preponderance of lymphocytes (75-90% lymphocytes, 
10-25% neutrophils) (10). It is not clear what, if any, func- 
tional consequence this shift toward neutrophii-rich blood in 
humans has had. 

Tyrosine kinase receptor expression on putative hemopoietic 
stem cells (HSC) 2 shows a reciprocal pattern, with mouse HSC 
being predominantly c-kiP >zU >flt-3~ whereas human HSC are 
predominantly c-ki}°™ ,flt-3* (11). 
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Innate immunity 

One of the first lines of defense in higher organisms, and often 
the only defense in lower animals, is the growing family of an- 
timicrobial peptides, and in particular the defensins. These are 
important in mucosal defense in the gut and in epithelial de- 
fense in skin and elsewhere (12, 13). Neutrophils are a rich 
source of leukocyte defensins in humans, but defensins are not 
expressed by neutrophils in mice (14). In contrast, Paneth cells, 
which are present in the crypts of the small intestine, express 
>20 defensins (cryptdins) in mice but only two in human, 
likely reflecting different evolutionary pressures related to mi- 
croorganism exposure through food intake. There are also dif- 
ferences in processing of defensins (Table I). 

The last few years have seen a renewed focus on the field of 
innate immunology, spurred in large part by identification of 
the Toll-like family of receptors— the TLRs (15). This field is 
still relatively young and so far a limited number of differences 
have been noted between mice and humans (Table I). 

There has been considerable controversy as to whether hu- 
man macrophages express NO. Expression of functional induc- 
ible NO synthase (iNOS; NOS2) in mouse macrophages has 
been clearly demonstrated and iNOS mRNA is readily induced 
by IFN-y and LPS (16). However, these same inflammatory 
mediators have failed to show consistent effects on human mac- 
rophages, hence the confusion. Recent work suggests that other 
mediators, such as IFN-a/3, IL-4 plus anti-CD23, and various 
chemokines, are actually far more efficient in inducing iNOS in 
human macrophages (17). However, the controversy is not 
dead yet (18). 

Using different strains of mice a susceptibility locus for CMV 
infection, cmvl y was identified and later shown to encode the 
Ly49 family of proteins (19). There are at least 14 members and 
most are expressed on NK and NKT cells, where the majority 
act as NK inhibitory receptors for MHC I molecules. The Ly49 
family is absent in humans, who use the KIR family as NK in- 
hibitory receptors (20). KIR proteins are highly diverged from 
the Ly49 family and have Ig rather than C-type lectin domains 
in their extracellular domain; however, similarly to Ly49 they 
also recognize MHC class I. The ligands for mouse and human 
NKG2D differ: in humans, NKG2D binds the polymorphic 
MHC class I-Iike molecules MHC-I chain-related A, MHC-I 
chain-related B, and the UL1 6 binding protein family, whereas 
in mouse NKG2D binds to H-60 and Rael j3. The significance 
of these differences to CMV infection and to NK biology in 
general have not been determined. 

Adaptive immunity 

FcR represent a link between the adaptive immune system, 
which generates Ab, and the innate immune system, which can 
respond to Ab-Ag complexes through capture by FcR expressed 
on macrophages, neutrophils, eosinophils, mast cells, and den- 
dritic cells. There are several differences in FcR expression be- 
tween mice and humans. In humans, FcaRI (CD89) is an im- 
portant IgA receptor expressed by neutrophils, eosinophils, 
monocytes/macrophages, dendritic cells, and Kupffer cells 
(21). Mice lack FcaRI and presumably use alternative recep- 
tors, such as Fca/jmR, the transferrin receptor (CD71) and 
polymeric IgR, which also binds IgM. Humans also express two 
IgG receptors not found in mice: FcyRIIA and FcyRIIC are 
closely related single-chain FcR, each of which has a single 
ITAM motif in the intracellular domain. In contrast, most 



other FcR associate with ITAM-containing signal transduction 
subunits (22). 

In addition to differences in FcR there are well-known dif- 
ferences in expression of Ig isotypes between mice and humans, 
and direct correlations between subtypes within classes in each 
species are hard to make. Mice make IgA, IgD, IgE, IgM, and 
four subtypes of IgG: IgGl , IgG2a, IgG2b, and IgG3. Interest- 
ingly, in the C57BL/6, C57BL/10, SJL, and NOD strains of 
mice there is no expression of IgG 2a, instead these mice express 
the novel IgG2c (23). Humans in contrast express two subtypes 
of IgA — IgAl and IgA2 — along with single forms of IgD, IgE, 
and IgM. In humans there are also four subtypes of IgG: IgGl, 
IgG2, IgG3, and IgG4; however, these are not direct homo- 
logues of the mouse proteins. While different subtypes have dif- 
fering abilities to bind FcR or fix complement, the differences 
between mice and humans are not considered significant. In 
contrast, there are differences in class switching: in mice, IL-4 
induces IgGl and IgE, whereas in humans, IL-4 induces 
switching to IgG4 and IgE. In contrast, IL-13 has no effect on 
mouse B cells but induces switching to IgE in humans (24). 

There are some interesting differences in B cell development 
that relate to the roles of several signaling molecules. BLNK (Src 
homoIogy-2 domain containing leukocyte-specific phospho- 
protein-65) is an adapter protein that is rapidly phosphorylated 
by Syk after cross-linking of the B cell Ag recepror. It then serves 
as a scaffold for downstream signaling components such as 
Grb2, Vav, Nck,.and PLC-y. B cell development in mice lack- 
ing BLNK is blocked at the pro-B to pre-B transition, resulting 
in low numbers of IgM + B cells, but no mature IgM low IgD ht6 ^ 
B cells, appearing in the periphery (25). A naturally occurring 
mutation in the human BLNK protein has been identified that 
results in a splicing defect preventing protein expression. In this 
patient there was also a block in the pro-B to pre-B transition; 
however, there was also a complete absence of B cells in the pe- 
riphery, suggesting a more severe block in human B cell devel- 
opment than in mice (26). 

Similarly discrepant pheno types have been noted in mice 
lacking functional BCR-associated tyrosine kinase Btk (27) and 
in mice lacking A5 (28), the Lchain component of the pre-BCR 
(Table I). Differences in mature B cells between mice and hu- 
mans were recently reviewed (29), and include mutually exclu- 
sive expression of CD5 and CD23 on mouse but not human B 
cell subsets, and CD38 expression on human, but not mouse, 
plasma cells. 

The discrepant phenorypes discussed above for BLNK, Btk, 
and A5 should be treated with some caution as the human dis- 
eases usually arise due to mutations in the relevant genes rather 
than deletions of whole exons as seen in the mouse knockout 
models. In some cases, however, identical mutations have been 
found, or created, in mice and the discrepant phenotype re- 
mains. This is the case for human XLA and mouse XID, which 
both involve Btk (30, 31). 

The development and regulation of T cells also differs be- 
tween mice and humans. Thy-1 is a GPMinked Ig superfamily 
molecule of unknown function. It is expressed on thymocytes 
and peripheral T cells in mice and has been widely used as a T 
cell marker in the thymus. In humans, however, it is only ex- 
pressed on neurons. The basis of this tissue specificity is sug- 
gested to be the presence or absence of an Ets-1 binding site in 
the third intron of the gene (32). 
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Table I. Summary of some known immunological differences between mouse and human 



Mouse 



Human 



Notes 



Refs. 



Hemotopoiesis in spleen 
Presence of BALT 
Neutrophils in periph. blood 
Lymphocytes in periph. blood 
Hemotopoietic stem cells 
TLR2 expression on PBL 

TLR3 

TLR9 

TLR10 

Sialic acid Neu5GC expression 
CD33 

Leukocyte defensins 
Paneth cell defensins 

Paneth cell defensins 
Macrophage NO 

CD4 on macrophages 
Predominant T cells in skin and 
mucosa 

y/8 T cells respond to phospho- 

antigens 
CD I genes 

NK inhibitory Rs for MHC 1 

NKG2D ligands 

fMLP receptor affinity 

FcaRI 

FcvRIIA, C 

Serum IgA 

Ig classes 



Ig CDR-H3 region 
BLNK deficiency 
Btk deficiency 
A5 deficiency 

CD38 expression on B cells 

B cell CDS and CD23 expression 
IL-13 effect on B cells 
Thy 1 expression 

Effect of y c deficiency 

Effect of Jak3 deficiency 
Effect of IL-7R deficiency 
ZAP70 deficiency 

Caspase 8 deficiency 

Caspase 10 

IFN-oc promotes Thl 

differentiation 
Th expression of IL-10 
IL-4 and IFN-y expression by 

cultured Th 
CD28 expression on T cells 
ICOS deficiency 

B7-H3 effects on T cells 
ICAM3 

P-selectin promoter 
GlyCAM . 

MHC II expression on T cells 
Kvl.3 K + channel on T cells 
MUC1 on T cells 
Granulysin 



Active into adulthood 

Significant 

10-25% 

75-90% 

c-ki^\flh3- 

Low (induced on many cells 

including T cells) 
Expressed on DC, Mac. Induced by 

LPS 

Expressed on all myeloid cells, 
plasmacytoid DC and B cells 
Pseudogene 
Widespread 

Expressed on granulocytes 
Absent 

Processed by MMP7. Stored pre- 
processed 
At least 20 

Induced by IFN-y and LPS 
Absent 

yld TCR (dendritic epidermal T 

cells— DETC) 
No 

CDId 

Ly49 family (except Ly49D and H) 

H-60, Rael/3 

Low 

Absent 

Absent 

Mostly polymeric 

IgA, IgD, IgE, IgGl, IgG2a*, IgG2b, 
IgG3, IgM * absent in C57BIV6, 
/10. SJL and NOD mice, which 
have IgG2c 
Shorter, less diverse 
IgM high B cells in periphery 
Normal pre-B and immature B 
u leaky" block at pro-B to pre-B 

transition 
Low on GC B cells, off in plasma 
cells 

Mutually exclusive 
None 

Thymocytes, peripheral T cells 

Loss of T, NK, and B cells 

Phenocopies y c deficiency 
Blocks T and B cell development 
No CD4 + or CD8 + T cells 

Embryonic lethal 

Absent 

No 

Th2 

Either/or 

On 100% of CD4+ and CD8 + 
Normal B cell numbers and function, 

normal IgM levels 
Inhibits activation 
Absent 

Activated by TNF and LPS 

Present 

Absent 

Absent 

Absent 

Absent 



Ends before birth 

Largely absent in healthy tissue 

50-70% 

30-50% 

c-Wr low , d /?r-5 + 

Constitutive (but not on T cells) 



Binds lipopeptides 



Expressed by DC. No LPS induction Binds dsRNA 

Binds CpG 



Expressed only on B cells, 
plasmacytoid DC and N 
Widely expressed 
Absent 

Expressed on monocytes 
Present 

Stored as pro-form. Processed by 

trypsin 
Two 

Induced by IFN-a//3, IL-4 + and- 

CD23 
Present 
a/0 TCR 

Yes 

CDIa,b,c,d 
KJR 

MIC A, MIC B, ULBP 

High 

Present 

Present 

Mostly monomeric 
IgAl, IgA2, IgD, IgE, IgGl, IgG2, 
IgG3, IgG4, IgM 



Longer, more diverse 
No peripheral B cells 
Blocks pro-B to pre-B transition 
Blocks pro-B to pre-B transition 

High on GC B cells and plasma cells 



Binds pathogens 
Binds sialic acids 
neutrophils 



NK activating Rs 



9 
10 
10 
11 

88 

88, 89 
90,91 



92 
93 
14 

94, 95 

13 
17 

96 
40 

97 

41 

20 
98 
99 
21 
22 
21 
23 



100 

25,26 

28 

28 

29 



Co-expression 29 
Induces switch to IgE 24 
Absent from all T cells, expressed 32 

on neurons 
Loss of T, NK, but B cell numbers 

normal 
Phenocopies y c deficiency 
Only blocks T cell development 
No CD8 + T but many nonfunctional Related to syk level? 37, 38 

CD4 + 

Viable— immunodeficiency 
Present 



33, 34 
31 

35, 36 



62, 63 
62 



Yes 

Thl and Th2 
Sometimes both 

On 80% of CD4 + , 50% of CD8 4 
B cells immature and severely 
reduced in number, low IgM 
Promotes activation 
Present 

Unresponsive to inflammation 

Absent 

Present 

Present 

Present 

Present 



Mutant stat2 in mice 44 



51 



Possibly age-related 



DC-SIGN ligand 



Regulates Ca flux 
Regulates migration? 
InCTL 



54 

55-57 

101-2 
103-4 

58 

105 

59-61 
64, 65 
106 

43 : 
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Table I. Continues 



Mouse 



Human 



Notes 



Refs. 



CXCR1 

IL-8, NAP-2, ITAC, MCP-4, 
HCC-1, HCC-2, MPIF-1, 
PARC, eotaxin-2/3 

MRP- 1/2, lungkine, MCP-5 

[FN-? effects in demyelmating 
disease 

DTH lesions 

Constitutive MHC II on EC 
EC present Ag to CD4+ T 
CD58 (LFA-3) 

T cell dependence on CD2-ligand 

interactions 
CD2-ligand interaction 
CD40 on EC 

Vascularized grafts tolerogenic? 
Microchimerism induces graft 

tolerance? 
Passenger leukocytes 



Absent 
Absent 



Present 

Protective in EAE 

Neutrophil-rich 

Absent 

No 

Absent 
Low 

Lower affinity, with CD48 

Absent 

Yes 

High success rate 

Account for graft immunogenicity 



Present 
Present 



Absent 

Exacerbates MS 

Lymphocyte-rich 

Present 

Yes 

Present 

High 

Higher affinity, with CD58 

Present 

No 

Low success (expts. in non-human 

primates) 
Do not account for graft 

immunogenicity 



Chemokines 



Chemokines 



Memory T only 
CD2 ligand 



66. 67 
66,67 



66, 67 
4,69- 

70 
73,74 
80 

75-77 
82 
82 

82 

83,84 

5 

7 



Similar to the development of B cells, mutation of key sig- 
naling molecules in T cells has markedly different effects in 
mice and humans. Several cytokine receptors, including those 
for IL-2, IL-4, IL-7, IL-9, and IL-15, share a common signaling 
chain called common y chain Perhaps not surprisingly, 
deletion or mutation of this gene, which is on the X chromo- 
some, results in severe immunological defects. Interestingly, 
these differ between human and mouse XSCID (33, 34). Nu- 
merous mutations have been identified in the human y c gene 
that inhibit function, and in most of these cases the result is a 
dramatic decrease in the number of T cells and NK cells. How- 
ever, B cell development is normal, although function is im- 
paired, likely due to the lack of T cell help. In marked contrast, 
B cell numbers are greatly diminished in 7 c -null mice. Given 
that IL-7R deficiency in mice blocks both T and B cell devel- 
opment (35), but only blocks T cell development in humans 
(36), it is likely that B cell development in humans is indepen- 
dent of IL-7. The major signal transducer for y c is JAK3 and 
mutation of this gene phenocopies the y c mutation in both 
mice and humans; that is, a lack of T and NK cells in human 
with the addition of a severe B cell defect in mice (31). 

Interesting differences have also been noted in ZAP70-defi- 
cient mice and humans. ZAP70 is essential for TCR signaling 
in both developing and mature T cells, and compromised sig- 
naling results in SCID. In humans the defect results in normal 
numbers of CD4 + T cells and absent CD8 + T cells. However, 
the CD4 + T cells are nonfunctional. In contrast, an identical 
mutation introduced into the mouse ZAP70 results in a block 
in differentiation of both T cell subsets at the double-positive 
stage (37). It has been suggested that the "leakiness" of the hu- 
man mutant is due to incomplete down-regulation of the pro- 
tein tyrosine kinase Syk in human thymocytes, compared with 
mouse thymocytes (38). 

The study of y/8 T cells has revealed a number of significant 
differences between mice and humans. T cells expressing y/S 
TCR are found in all organisms that have a//3 receptors and yet 
their function is still largely an enigma (39). Mouse skin con- 
tains a large fraction of cells bearing a TCR encoded by a single 
Vy and V8 gene. These Vy5-VSl T cells appear to be oligo- 
clonal, reside in the epidermis, and are known as dendritic epi- 
dermal T cells (DETC). DETC represent the predominant T 



cell in mouse skin, whereas cells bearing a//3 receptors predom- 
inate in human skin and are found mosdy in the dermis. In- 
deed, a cell with DETC characteristics has not been identified 
in humans (40). Human but not mouse y/8 T cells have been 
suggested to recognize Ag presented by CD1 molecules — in 
particular CD lb (41). Interestingly, of the five CD1 molecules 
found in humans (designated CD la, b, c, d, and e), only CD Id 
is expressed in mice (41). Similarly to y/8 T cells the CD 1 fam- 
ily of molecules has been implicated in the pathogenesis of tu- 
berculosis, but their precise role has yet to be defined (42, 43). 
The differing expression of CD1 genes between mice and hu- 
mans may well turn out to impact activation of both a//3 and 
y/8 T cells in tuberculosis, as both subsets can recognize a va- 
riety of Ags presented by CD 1 molecules. 

An often critical component of adaptive immunity is the 
skewing of T cell differentiation toward Thl or Th2 pheno- 
types and this process represents another area of interaction be- 
tween the innate and adaptive arms of immunity. In humans, 
the type I IFN, IFN-a, is secreted by several cell types in re- 
sponse to viral infection, including macrophages, and acts on T 
cells to induce Thl development. This process is dependent 
upon STAT4 activation, and its recruitment to the IFN-a re- 
ceptor by STAT2. In mice, however, IFN-a fails to induce Thl 
cells and does not activate STAT4 (44). 

The existence of polarized T cell populations was first dem- 
onstrated by Mosmann and colleagues (45) and since then has 
become a guiding principle for T cell activation. While polar- 
ization is relatively easy to observe in mice the paradigm has 
never been as clear-cut in the human system. Thl and Th2 cells 
can certainly be found in human disease (46, 47); however, 
there is a growing recognition that in many diseases clear dis- 
tinctions cannot be made and that T cells of both persuasions 
can often be generated simultaneously (48-50). For example, 
in mice, IL-10 is considered to be a Th2 cytokine, whereas in 
humans both Thl and Th2 cells can make IL-10 (51). The re- 
sponse of mice and humans to schistosomiasis is remarkably 
different. Epidemiological data suggest that a Th2 response 
involving eosinophils and IgE may be key to combating in- 
fection in humans (52), whereas in mice effector cell activa- 
tion by IFN-7, a Thl response, is essential for clearance of 
the parasite (53). 
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To become fully activated T cells require both a primary, Ag- 
dependent signal, and a second, Ag-independent or costimula- 
tory signal. One of the best characterized costimulatory recep- 
tors is CD28, which is expressed by close to 100% of mouse 
CD4 + and CD8 + T cells. In contrast, only 80% of human 
CD4 + and 50% of human CD8 + T cells express CD28 (54), 
perhaps accounting for the remarkable efficacy of CTLA-4Ig in 
blocking T cell activation in mice. It will be interesting to see if 
expression of the CD28-related costimulatory molecule ICOS 
segregates with CD28 T cells in humans. The recent report on 
the identification of a human ICOS deficiency pointed to a fur- 
ther difference between costimulation in mice and humans. 
Whereas in mice the loss of ICOS does not affect either the 
number of mature B cells, their maturation status or their se- 
cretion of IgM (55, 56), the loss of ICOS in humans results in 
a severe reduction in B cell number, maturation status and se- 
cretion of IgM (57). Given the critical role of T cell CD40L in 
T-B interactions it would be interesting to know what the level 
of CD40L expression was on this patients T cells and whether 
expression of this molecule is dependent upon ICOS signaling 
in humans. Two novel members of the B7 family of costimu- 
latory molecules, B7-H3 and DC-SIGN, have recently also 
been suggested to have different roles in mice and humans 
(Table I). 

P-selectin is constitutively expressed by endothelial cells (EC) 
and mediates leukocyte rolling by interactions with specific 
sugar residues carried by mucins. Interestingly, murine P-selec- 
tin can be strongly up-regulated by inflammatory mediators 
such as TNF and LPS, whereas the human gene is nonrespon- 
sive (58). It is interesting to speculate as to whether E-selectin in 
humans, which is strongly up-regulated by TNF, is the more 
important selectin on human EC for mediating leukocyte 
rolling. 

Once activated, human T cells express MHC class II mole- 
cules whereas murine T cells do not. It has been suggested that 
human T cells can capture, process, and present Ag and that 
they express B7 and may therefore help to amplify an ongoing 
immune response (59, 60). In contrast, Ag presentation by T 
cells may also promote T cell anergy (61) or activation-induced 
cell death. It is not clear why this function is nonessential in 
mice, but it is an attractive hypothesis that it may relate to T cell 
homeostasis and the requirement in humans for maintaining, in 
a limited compartment, a greater diversity of memory T cells for 
a considerably longer period of time than . is required in mice. T 
cell homeostasis requires programmed ceil death (apoptosis) of 
unwanted cells. Caspase 8 and caspase 10 are downstream of 
death receptors in humans and overlap, in some of their func- 
tions (62). Mice lack caspase 10 and the deletion of caspase 8 is 
embryonic lethal. Lack of caspase 8 in humans results in immu- 
nodeficiency, suggesting a role for this effector in lymphocyte 
activation as well as death (63). Greater redundancy in death 
receptor regulators in humans may relate to the longer lifespan 
and associated increased risk of developing cancer. 

A critical step in activation of a T cell is the generation of a 
sustained calcium flux. In human T cells the inward flow of 
calcium ions is balance by an outward flow of K + , mediated in 
large part by the Kvl.3 K + channel. Inhibitors of this channel 
very specifically block T cell activation in vitro and are being 
pursued as novel immunosuppressive agents (64). However, in 
vivo evidence to support such a function is missing as mouse T 
cells do not express this channel (65). 



The movement of immune cells into and through tissues is 
coordinated by a huge array of chemokines and chemokine re- 
ceptors and, not surprisingly, differences have emerged between 
the murine and human systems. While it is still too early to say 
definitively what such differences may mean, as there appears to 
be considerable redundancy built into the system, it is worth 
noting what is currently known. CXCR1 is present in humans 
but not in mice (66). The chemokines IL-8 (CXCL8), neutro- 
phil-activating peptide-2 (CXCL7), IFN-inducible T cell 
a-chemoattractant (CXCL11), monocyte chemoattractant 
protein (MCP)-4 (CCL13), HCC-1 (CCL14), hemofiltrate 
CC chemokines-2 (CCL15), pulmonary and activation-regu- 
lated chemokine (CCL18), myeloid progenitor inhibitory fac- 
tor- 1 (CCL23), and eotaxin-2/3 (CCL24/CCL26) have all 
been identified in humans but not in mice. Conversely, CCL6, 
CCL9, lungkine (CXCL15), and MCP-5 (CCL12) have been 
identified in mice but not humans (66, 67). 

Differences in immune system biology 

Multiple sclerosis (MS) provides a fine example of both differ- 
ences and similarities between mouse and human immunology. 
MS is a multifactorial disease that appears to have a large auto- 
immune component (68). Experimental autoimmune (allergic) 
encephalomyelitis is a widely used model for MS that mimics 
the demyelination seen in central and peripheral nerves in MS. 
Several studies have indicated that IFN-y is protective in exper- 
imental autoimmune (allergic) encephalomyelitis as neutraliz- 
ing Abs exacerbate disease, potentially by blocking induction/ 
activation of suppressor activity (69, 70). It was surprising, 
therefore that clinical trials were not successful; indeed they 
were stopped because treatment with IFN-7 was found to ex- 
acerbate disease (4). In contrast, studies in mice suggested that 
blocking VLA-4 (a 4 P l integrin)-VCAM-l interaction might 
help in MS (71) and this has indeed carried through successfully 
into human trials (72). These studies highlight how caution is 
required when extrapolating results from mouse studies to the 
clinic, but suggest that mouse models can successfully predict 
some therapies for human disease. 

An interesting difference exists in the appearance of delayed- 
type hypersensitivity (DTH) reactions in mice and humans. In 
humans, around four hours after Ag challenge neutrophils can 
be seen forming a "cufF around the venules. This is followed by 
a dramatic influx of mononuclear cells, such that by 24-48 h 
the lesion is mostly mononuclear with a mix of T cells and mac- 
rophages (73). Paradoxically, in mice where the peripheral 
blood has a relative paucity of neutrophils compared with hu- 
mans, the DTH response tends to be more neutrophil rich (74). 
In addition, elicitation of murine DTH requires much higher 
concentrations of Ag than in humans. 

There is now considerable evidence that human EC can 
present Ag to resting memory CD4 + and CD8 + T cells (75- 
77), whereas in mice, CD8 + T cells can be activated by EC 
(78), but CD4 + T cells cannot (B. Rosengard, personal com- 
muniction). As CD4 + T cell-mediated activation of macro- 
phages is thought to drive human DTH responses the sugges- 
tion has arisen that in humans, Ag transport to lymph nodes by 
Langerhans cells may not be necessary as EC may trigger the 
recall response at the site of challenge. A teleological argument 
can be made for the need to present Ag locally in humans but 
not necessarily in mice. It has been estimated that once a cell 
enters the lymphatics in humans it takes ~24 h to return to the 
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circulation if it is not retained in a node (79). Based on the 
higher cardiac output of mice as a proportion of their total 
blood volume compared with humans (5-1 0 ml/min, 2 ml total 
volume in mice; 5 L/min, 5 liter total volume in humans) it is 
reasonable to suppose that return of lymph is at least as fast in 
mice as it is in humans. Then it becomes a matter of scale. We 
calculate that an Ag traveling from toe to an inguinal lymph 
node in the groin should take ~ 12 h in humans and 20 min in 
mice. As the human DTH response begins around 4 h after sec- 
ondary Ag challenge, it is possible that triggering of recall re- 
sponses may occur by different mechanisms in mice and hu- 
mans, involving draining of Ag to lymph nodes in mice, 
compared with local Ag presentation in humans. 

Both human and mouse EC express MHC class I. Most hu- 
man EC in vivo also constitutively express MHC class II mol- 
ecules, whereas mouse EC do not (80). Thus, human EC can 
present Ag to CD4 + T cells, as well as to CD8 + T cells. A major 
costimulatory molecule on human EC is CD58 (LFA-3), a li- 
gand for CD2 (81). Mice do. not have the gene for CD58, 
which arose by CD2 gene duplication after the two lineages 
split. In mice the CD2 ligand is CD48; however, the distribu- 
tion of this molecule differs from that of CD58 in humans, and 
the two-dimensional affinity for the mouse CD2-CD48 inter- 
action is 40- to 50-fold lower than that for human CD2-CD58 
interactions (82). In addition, gene deletion and Ab blocking 
studies have shown that mouse T cell activation is much less 
dependent on CD2 interactions than is the case for human T 
cells. Human EC also express CD40 and the ICOS ligand GL- 
50, whereas murine EC do not (83, 84). 

The Ag presenting'ability of human EC may have significant 
consequences for transplantation. For example, in many rodent 
models vascularized grafts are tolerizing, whereas such grafts are 
rapidly rejected in humans (5). Numerous studies have shown 
that purging mouse tissues of CD45 + cells before transplanta- 
tion dramatically extends the life of the graft, sometimes even 
inducing tolerance. In sharp contrast, purging human tissues of 
CD45 + cells provides no benefit as the grafts are still rapidly 
rejected (6). In addition, the establishment of microchimerism 
in mice has been quite successful in inducing tolerance, whereas 
this has not been the case in humans (7). The implication of 
these findings is that there are major differences between mice 
and humans in their responses to grafted tissue, and that this 
may relate to the Ag-presenting ability of human, but not mu- 
rine, EC. 

Natural selection and the immune system 

Most, if not all, of the differences we have noted between mouse 
and human immunology have likely become fixed during the 
65 million years since our divergence because they provide some 
selective advantage. In all likelihood these adaptations are in re- 
sponse to new pathologic challenges from microorganisms, 
which have very short generation times and often have high mu- 
tation rates (85). In consequence, mammalian MHC molecules 
and NK cell inhibitory receptors have also evolved rapidly (9, 
86). It should also be noted that some changes may be fixed 
primarily as a result of the nonimmune role of that gene — reit- 
erative use of genes is a well recognized phenomenon during 
development, a good example being the important nonimmu- 
nological role of VCAM in chorioallantoic fusion and placen- 
tation (87). Thus, both the immune system as a whole, and 



some of its individual components (B and T cell repertoires) are 
shaped by natural selection. 

Mice evolved in a quite different environment to humans and 
have been exposed to different Ags and their immune systems 
might therefore be expected to have evolved in subdy different 
ways. Mice not only live in different ecological niches, they are 
also much smaller and have significantly shorter lifespans. 
These are not trivial differences— as noted above, leukocyte 
transit times may be quite different in mice and humans, and a 
larger, broader repertoire of B and T cells must be maintained 
for many years in humans (up to 50 mouse lifetimes). Thus 
many changes may be to accommodate increased size of the or- 
ganism, to regulate larger and more diverse pools of Ag-specific 
cells, and to provide greater checks and balances to combat the 
increased somatic mutation load that longer-lived animals nec- 
essarily carry. 

Summary 

While it is hard to draw global conclusions about the signifi- 
cance of differences between mouse and human immunology, it 
is worth considering the possibility that any given response in a 
mouse may not occur in precisely the same way in humans. 
While caution in interpreting preclinical data obtained in mice 
is clearly warranted, we believe that with these caveats in mind, 
mice will continue to be the premiere in vivo model for human 
immunology and will be absolutely essential for continued 
progress in our understanding of immune system function in 
health and disease. 
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ELSEVIER 

Anti-TNFa Therapy Is Useful in Rheumatoid Arthritis and Crohn's 
Disease: Analysis of the Mechanism of Action Predicts Utility in 
Other Diseases 

M. Feldman, P. Taylor, E. Paleolog, F.M. Brennan, and R.N. Maini 



TT THILE it is not to difficult to study the pathogenesis of 
W animal models of disease, there are multiple con- 
straints on analyses of the pathogenesis of human disease, 
leading to interesting dilemmas such as how much can we 
rely on and extrapolate from animal models in disease? 

In the late 1980s, as a result of investigating cytokine 
expression and regulation in rheumatoid synovium, both in 
vitro and in vivo, we found that tumor necrosis factor 
(TNF)a was of major importance, as it regulated the 
expression of the other proinflammatory cytokine interleu- 
kin-1 (IH). 1 We proposed that blocking TNFa would thus 
have major effects on the inflammatory process and hence 
would be clinically useful. 2 That prediction has been sub- 
stantiated in clinical trials that we have led using Centocor's 
chimaeric monoclonal antibody, cA2, now termed Remi- 
caide. Positive results were also reported using a humanized 
antibody produced by Celltech 3 and also using a TNF- 
receptor p75 IgGFc fusion protein, produced by Immunex, 
termed Enbrel. 4 Clinical effects of anti-TNFa have recently 
been reviewed. 5 

RESULTS AND DISCUSSION 

While the clinical results with the above three biologic 
therapeutic agents have been in the same ball park, mech- 
anism of action studies reported are only with cA2. The 
antibodies differ from TNF-R p75Fc in that the latter also 
blocks the related protein lymphotoxin, while the former 
are specific to TNFa. The consequences of this difference 
are not known, but differences are conceivable. 

The first pathogenic mechanisms that occur to be clari- 
fied in rheumatoid arthritis was the existence of a cytokine 
cascade in vivo, as had been described in vitro. The effect 
was rapid diminution of serum IL-6, and other cytokine 
levels. 5 - 6 This accounts, in part, for the rapid onset of 
beneficial effects seen locally. Equally interesting was the 
observation that levels of cytokine inhibitors such as IL-lra 
and soluble TNF-R are also diminished rapidly. The latter 
observations confirm that both the proinflammatory and 
antiinflammatory arms of the cytokine cascade are TNFa 
dependent. This is discussed in detail elsewhere. 5 * 6 In 
rheumatoid synovial cultures in vitro the effect of anti 
TNFa antibody occurred subsequent to TNFa neutraliza- 
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tion. In vivo, there is the interesting possibility that some of 
the cells producing TNFa which have TNFa on their 
surface prior to it being cleaved by "TNFa convertase" may 
be killed by the antibody in the presence of complement 
from serum or by antibody-dependent cell-mediated cyto- 
toxicity. Such events can be shown in vitro. 7 

Recruitment of leucocytes to inflammatory sites is an 
essential step in permitting the inflammation to develop. 
This is a complex process, involving both adhesion mole- 
cules of various families (selectins, integrins, and so forth) 
as well as chemotactic factors, with chemokines being the 
most abundant. It was found that cA2 therapy diminished 
the expression of adhesion molecules E selectin, ICAM-1, 
and VCAM-1 in various assays, and that chemokine pro- 
duction such as IL-8 and MCP-1 was reduced, indicating 
downregulation of parameters for leucocyte recruitment. 8 
Formal proof of diminished trafficking has come from 
studies with radiolabeled leucocytes (Taylor et al, in prep- 
aration). 

Synovium in chronic rhematoid arthritis is very vascular, 
and to support the mass of synovium, angiogenesis is 
required. Anti-TNFa antibody therapy was found to down- 
regulate the levels of vascular endothelial growth factor, 
suggesting that angiogenesis may also be regulated by the 
inflammatory response. Support for that concept was also 
found in vitro. 8 

The conclusion from these studies is that in a chronic 
immune-driven inflammatory response there are a number 
of pathways that become engaged and can serve to sustain 
the inflammatory process. Those delineated above are not 
necessarily the only ones. 

IMPLICATIONS FOR OTHER DISEASES 

Local recruitment of leucocytes to the disease site occurs in 
many diseases. It is regulated by the same families of 
adhesion molecules and chemokines as in rheumatoid 
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arthritis. It is thus likely that in many diseases, TNFa is 
involved in the recruitment phase, and hence blocking 
TNFa early in the disease process may be an effective way 
of reducing the mass of infiltrating cells causing inflamma- 
tory damage. 

The linkage of the regulation of both proinflammatory 
and antiinflammatory mediators suggests that the most 
effective therapy in immune inflammatory diseases such as 
rheumatoid arthritis, Crohn's, and multiple sclerosis will 
come from therapy aimed at several points in the disease 
pathway. In the animal model of arthritis (collagen induced 
arthritis) we have shown that there is synergy of anti-TNFa 
therapy with anti-T-cell therapy such as lytic anti CD4 
antibodies. 9 It is possible that such combination therapies, 
if given early in the course of the disease process, may be 
able to control the disease. 
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An important goat in the treatment of 
insulin-dependent diabetes by pancreatic islet 
transplantation is the development of strategies that 
allow permanent survival of Islet allografts viltoout 
continuous host iinrtunosi^ 
we demonstrate ithat?!nbculrt^ 
marrow into the thymus of adult rats treated witt* a 
single dose of anti-lymphocyte serum induces an 

extrathymic site. 1 effect is ?r specific, cannot 
be reproduced by system Istration of bpne 

marrow, and is associated persistence of chimeric 
cells in the thymus of the recipient In addition, lymph 
node cells! from long-term recipients of ymic 
bone marrow display i reduced proliferative 

responses to donor alloanl in mixed lymphocyte 
culture; Interaction of maturing thymocytes 
with foreign aJloantigens may produce the 
unresponsiveness. This model offers a potential 
approach for establishing donor-specific allograft 
acceptance in adult recipients. Diabetes 41:771-75, 
1992 



I nduction of donor-specific unresponsiveness repre- 
sents the ideal approach for securing permanent 
survival of pancreatic islet allografts because it pre- 
cludes rejection without the need for chronic immu- 
nosuppression of the host. Although it was demonstrated 
>30 yr ago that immunologic tolerance can be readily 
achieved in rodents by inoculation of donor-strain lym- 
phohematopoietic cells at birth, tolerance induction in 
adult recipients has been more difficult, requiring exten- 
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sive preparative conditioning by irradiation and/or treat- 
ment with nonspecific cytoablative chemotherapy (1-4). 
We previously reported that pancreatic islets, implanted 
in the thymus of allogeneic adult rats suiviv^d jierma- 
nently and, in addition, rendered the recipients tblerant of 
donor alloantigens (5) In this study, this efficacy of this 
approach in promoting transplantation 1 tolerance was 
assessed by examining the impact of intrathymic inocu- 
lation of allogeneic bone marrow cells (BMC)' dri the 
survival of extrathymic transplants of pancreatic islets. 
We demonstrate that rats pretreated with an intrathymic 
injection of allogeneic BMC are rendered Specifically 
unresponsive to donor alloantigens and; permanently 
accept subsequent donor-strain islet allografts, Further- 
more, this result can be accomplished without nefed for 
other methods known to prolong .islet allograft survival, 
such as pretransplant modulation of allograft immunoge- 
nicity or chronic immunosuppression of the recipient (6). 



RESEARCH DESIGN AND METHODS 

Bone marrow inoculation and islet transplantation. 

BMC were obtained from adult male Lewis (RT1 1 ) do- 
nors, depleted of contaminating erythrocytes by centrif- 
ugation on a Ficoll-isopaque gradient and inoculated 
intravenously into an abdominally displaced testicle or 
into both thymic lobes of histoincompatible male Wistar 
Furth (WF) (RTH recipients. Each recipient received 
60-70 x 10 6 nucleated cells; rats given intravenous 
BMC inocula received intrathymic injections of saline. 
Where noted, recipients were treated with a single dose 
of 1 cc rabbit anti-rat lymphocyte serum (ALS) i.p. 
(Accurate Chemical and Scientific. Westbury, NY) on the 
day of BMC injection. No additional immunosuppression 
was administered at any other time during the experi- 
ment. The rals were then rendered diabetic with 65 
mg/kg streptozocin i.v and received freshly isolated 
(uncultured) Lewis or OA (RT1 a ) islet allografts beneath 
the renal capsule 14 days after BMC inoculation Only 
rats with nonfasting blood glucose levels >300 mg'dl 
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Survival of Lewis islet allografts in Wistar Furth recipients 



Site of Lewis bone 
Group marrow cells inoculation* 



Anti-rat lymphocyte 
serum treatmentt 



Individual graft survival 
(days) 
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: 2 ' 
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None 
None 

Intravenous 

Thymus 

Testicle 



None 
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+ 
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8. 9, 14. 15, 18. >173* (14.5) 
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12, 28. >130, >130. >148. >159, >183 (>130)|j 

7.8.8.10(8) 



'-'f^i Sjfeijatentheses are median Survival- tinned iH; • • :• 
l ^%tfnp|ria^4 days fcfefore islet transplantalibrt * *: 

^^Bift r^r^;to hyperg^ 
§/?>01 vs group 2 
IIP < 0.04 vs. groups 2 or 3. 



were used as recipients. Islets were isolated as previ- 
ously described (7). Graft survival was monitored by 
daily blood glucose measurements, with rejection being 
defined as a return to hyperglycemia (blood glucose 
>2Q0 mg/dl on 2 consecutive days). In recipients with 
persistent normoglycemic islet allograft function was 
eventually confirmed by removal of the islet- bearing 
kidney for histological examination. 
Immunohistochemistry. To detect the presence of .do- 
nor-strain cells in WF rats inoculated with Lewis BMC, 
acetone-fixed frozen sections (5-6 p,m) of thymus, pe- 
ripheral lymph nodes, and testicle were incubated over- 
night at 4°C with culture supernatant containing a murine 
monoclonal antibody (1-1.69) specific for Lewis class I 
MHC antigens (RT1-A*) (8). Sections were then exposed 
to biotinylated horse anti-mouse IgG followed by avidin- 
conjugated peroxidase according to manufacturers 
instructions (Vector Laboratories, Burlingame, CA). Conju- 
gates were visualized with diaminobenzidine hydrochloride 
and lightly counterstained with methyl green before mount- 
ing. Control sections incubated without specific primary 
antibody did not show any background staining. 
Mixed lymphocyte culture (MLC). Graded numbers of 
lymph node (LN) cell responders (0.75-3 x 10 5 /well) 
were cultured at 37°C with 2000R irradiated LN cell 
stimulators (3 x 10 5 /well) in 96 -well flat- bottom plates 
containing RPM1-1640 supplemented with 5% fetal calf 
serum, 2-mercaptoethanol, 1-glutamine, and antibiotics. 
Plates were pulsed with 3 H-thymidine (1 nCi/well) on day 
3 and harvested 24 h later. 

Statistics. Statistical differences between treatment 
groups were determined with Wilcoxon s rank-sum test. 
P < 0.05 was significant. 

RESULTS AND DISCUSSION 

Normal WF recipients that were not pretreated with 
intrathymic Lewis BMC or ALS rapidly rejected the Lewis 
islet grafts (median survival time [MST] 9.5 days; Table 
1). Five of six WF recipients that received intrathymic 
injections of saline in conjunction with ALS 2 wk before 
islet transplantation also promptly rejected Lewis islet 
allografts (MST 14.5 days), although one rat remained 
normoglycemic for >170 days. Intravenous injection of 
Lewis BMC in conjunction with ALS 2 wk before islet 



grafting led to modest prolongation of Lewis islet allograft 
survival (MST 22 days); however, all allografts eventually 
underwent rejection within 32 days. In contrast to all of 
these control groups, when Lewis BMC were adminis- 
tered intrathymically, five of seven WF recipients of Lewis 
islet allografts remained permanently normoglycemic. 
Histological examination of the grafts at the conclusion of 
the experimental period revealed numerous clusters of 
well- granulated islets with no evidence of intra-islet 
mononuclear cell infiltration (Fig. 1 , A and 8). The spec- 
ificity of the tolerant state induced by inoculation of Lewis 
BMC was assessed by grafting WF rats that had received 
intrathymic or intravenous Lewis BMC with pancreatic 
islets from DA (RT1*) donors. These third-party grafts 
were air rejected within 10 days (Table 2). 

Prolonged residence of allogeneic tissue in an immu- 
nologically privileged site weakens the host's immune 
responsiveness to subsequent donor-strain allografts 
transplanted to conventional sites (9,10). Because the 
thymic parenchyma is relatively inaccessible to the pe- 
ripheral immune system (11), it was conceivable that the 
unresponsiveness observed in intrathymically treated 
rats was solely due to the presence of the conditioning 
BMC inoculum and that the special immunologic func- 
tions of the thymus were not relevant (i.e., its role in T-cell 
maturation and induction of self-tolerance) (12). To eval- 
uate this possibility, we implanted allogeneic Lewis BMC 
into another immunologically privileged site, the abdom- 
inally displaced testicle, of WF recipients given a single 
injection of ALS (9). Two weeks after intratesticular BMC 
inoculation, these recipients were rendered diabetic and 
transplanted with Lewis islet allografts. All rats rapidly 
rejected the islets (MST 8 days), indicating that the 
protective influence of the intrathymic bone marrow inoc- 
ulum on subsequent allografts was unlikely to be ex- 
plained entirely by its inoculation in a privileged site 
(Table 1). 

In accordance with the in vivo findings, intrathymic 
inoculation of allogeneic Lewis BMC had a marked 
influence on T-cell -mediated responses to donor alloan- 
tigens in vitro. LN cells from recipients in which long-term 
Lewis islet allograft survival was achieved by intrathymic 
BMC inoculation responded normally to third- party DA 
stimulators in an MLC system; however, proliferation of 
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FIG. 1. Photomicrographs of kidney and thymus from Wistar Furth (WF) recipients of Lewis bone marrow cells (BUC) and pancreatic Met 
allografts. A: kidney from a WF rat examined 160 days after intrathymic Lewis BMC inoculation and subsequent transportation ofLewts islets 
beneath the renal capsule. The Islet graft (a/rows) appears healthy and shows no infiltration by mononuclear cells (hematoxylin- eosin, x 100). 
ft the presence of p-cells In the same section is verified by staining for insulin granules (aldehyde-fuehsjn, x1O0). C-fi rammoperoiMse 
localization of Lewis (RT1 1 ) celts In the thymus of WF recipients of Lewis BMC: C thymus from a rat killed 14 days after intrattn/mx: BMC 
Inoculation. Numerous donor-strain cells are scattered throughout the thymic parenchyma (x80). t>. thymus from therat depicted m A 
demonstrating persistence of Lewis cells 160 days after inoculation (xlOO). E thymectomy specimen from a WF rat given intravenous injection 
of Lewis BMC 14 days previously. No RT1 -A 1 -specific staining is detectable (xBO). 



these cells to Lewis stimulators was consistently de- 
creased compared with responses of unmanipulated 
controls (Fig. 2). Because proliferation of rat lymphocytes 
in primary fviLC predominantly reflects activity of class II 
MHC-restricted CD4 + T cells (13.14). these results sug- 
gest that the tolerant state at least in part affects this cell 



population Interestingly, we previously found that in WF 
rats bearing long-term intrathymic Lewis islets. MLC 
responses lo Lewis alloantigens were not reduced com- 
pared with unmanipulated controls (5) One explanation 
for this difference is that in contrast to bone marrow, 
whic* consists of 5-10% class ii MHC ceils and con- 
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Survival of OA islet allografts in Wistar Furth rats 



Site of Uwis bpne marrow 


Individual graft survival 


ceils inoculation* 


(days) 


Intravenous 


7. 8. 8. 8 (8) 


Thymus 


7.8.8. 10 (8) : ; 



. y9lu.es in parentheses are median survival times. : : 

♦Administered in conjunction with 1 cc anti-rat lymphocyte 
. serum i.p. 14 days before islet transplantation. . 

• T.. • • ; • . ■ .-: V... ••• . : 
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MHC antigens (dendritic cells, macrophages; B cells), 
class II expression on islets is limited to rare intranet 
dendritic cells (15,16). Consequently, the residence of 
islets in the thymic microenvironment may not measur- 
ably affect class ll-restricted in vitro responses, r 

In -several models of specific unresponsiveness 
achieved by allogeneic BMC transplantation, tolerance 
correlates with the presence of microchimerism in the 
.thymus and peripheral lymphoid organs of the recipients 

• (17-i9). To determine whether a similar chimeric istate 
had ^veloped in our model, the lymphoid organs of WF 

.Y^j||i.|iad received . intrathymic Leyyis BijjjlC (yvi^ut 
subsi^Gjuent islet grafts) were examined at various times; 
afte^ inoculation by immunohistochemistry with a murine 
monpClQhal antibody (1-1 ;69) specific |or Lewis class I 
al)6antigens ^ 

■ the LN of these rats at any time after intratjhymic injection, 
. ddhoNstrain ceils were uniformly detected in thymic 
sections from rats inoculated with Lewis; BMG 2-45 days ' 
earlier Similarly, in three of four rats that 'had accepted 
Levyjs islet grafts after conditioning with intrathymic Lewis 
BMC - dondr^strain cells were found m the thymus whin it 
was ^arnihed 1 40-1 70 days after ihoojiatipn, although 
the number of cells was reduced compared to organs 
examined at earlier time points (Fig. 1 e C-E) In contrast, 
donor-strain cells were not detected in the thymus. LN, or 
testicles of rats given intravenous or intratesticular BMC. 
Thus, it appears that the thymic microenvironment can 




FIG. 2. Proliferative responses of lymph node cells from Wistar Furth 
controls (4) and Wistar Furth recipients in which long-term (>130 
days) Lewis Islet allograft survival was achieved by intrathymic 
inoculation of Lewis bone marrow cells Graded numbers of 
responder cells were cultured alone (A), with irradiated Lewis (•), 
or with DA (0) lymph node stimulators. Values are means ± SD of 
triplicate cultures of 3 similar experiments. 



etic cells and is capable of protecting them (or their 
descendants) from elimination by immune mechanisms. 

Our findings demonstrate that intrathymic inoculation 
of allogeneic BMC is an effective means by-whic)i spe- 
cific unresponsiveness to pancreatic islet allografts can 
basaqhiey^d. Significantly, we show that this tolerant 
1:1 $tate4evelops relatively soon after thymic injection and, 
as demonstrated by the prompt rejection pf grafts by rats 
; givelri fritravenous or intratesticular BMC, requires that the^ , 
7 all^^ 

ft ;^y|^^€«perimental systems ^^f^^^aii; jr£*r 
trathtfmic inoculation of foreign substances can have 
profound irhpact oh the systemic immijrie respbnsive-' ' 
ness of the recipient Staples et al. (20) Weri the first to 
report that ifradiiated rats given intrathymit: ihjSbfions of 
bovinis y-gl6bulih displayed m^edly'rediic^ antibody 
synthesis ari^ 1 ddiaybd-type hypersensitivity responses 1 
to the antigen (20). More recently, it was demonstrated 
that intrathymic injection of allogeneic CD47CD8~ pro- 
thymocV^ B cells, or dendritic cells could specifically , ; 
reduce T^Bell- mediated responses to dorior antigens, 
aii effejitvattributed to intrathymic deletion ^ functional : 
inactiyatiqh. s of donor-specific clones {21 22) A similar 
mechanism could be invoked to explain the toidtent state ' 
observed in. this study Intrathymic inocufafidh, of alloge- 
neic BMC may provide a particularly efficient ijteans of 
establishing 'a state of chimensm in the thymus and 
^^j^^l^^sim' of matunn^t^ '* 
alloantigens The resulting interactions niay then lead to 
selec^^^eljetipn or functional inactiyation of donor- 
speciffc ^lones before their migration tajfe . 
Because f he allogeneic inoculum is introduceid at a time t 
;wh^ pool has ^ 

depleted by ALS, this effect would be expected to have : 
a maximal influence on the reconstituting T-cell reper- 
toire. In addiLijjii, Ir it? reiauye immunoi^ j 
thymic parenchyma may protect implanted cells from 
destruction >by alloimmune processes thus enabling 
them to influence T-cell development Tor . an extended 
period of time. 

Our studies demonstrate that intrathymic transfer of 
allogeneic cells in conjunction with a single dose of ALS 
can promote long-term survival of subsequently trans- 
planted islet allografts. This model provides a novel 
strategy for the induction of specific unresponsiveness in 
adult rats and may lead to the development of methods 
that permit long-term allograft survival without the need 
for prolonged, nonspecific immunosuppression of the 
host. 
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Recently it was demonstrated that pancreatic islet allografts 
transplanted to the thymus of rats made diabetic chemically are 
not rejected and induce specific unresponsiveness to subsequent 
extra thymic transplants. The authors report that the thymus 
can also serve as an effective islet transplantation site in spon- 
taneously diabetic BBrats, In which autoimmunity and rejection 
can destroy islets. Intrathymic Lewis islet grafts consistently 
reversed hyperglycemia for more than 120 days in these rats, 
and in three of four recipients the grafts promoted subsequent 
survival of intranodal islets. In contrast intra portal islet allografts 
in naive BB hosts ail failed rapidly* The authors also show that 
the immunologically privileged status of the thymus cannot pre- 
vent rejection of islet allografts in Wis to Furth (WF) rats sen* 
. sitized with donor strain skin and that suppressor cells are not 
likely to contribute to the unresponsive state because adoptive 
transfer of spleen cells from WF rats bearing established intra- 
thymic Lewis islets fails to prolong islet allograft survival in 
secondary hosts, 

HE failure OF currently available immunosup- 
pressive protocols to prolong the survival of pan- 
creatic islet allografts has prompted a search for 
alternate methods that can permit long-term graft function 
without the need for chronic immunosuppression. One 
strategy used with some success in animal systems is the 
transplantation of endocrine tissue to natural or artificially 
constructed immunologically privileged sites. While many 
of the best described privileged sites, such as the anterior 
chamber of the eye and alymphatic skin flap, are incapable 
of supporting islet endocrine function, others, such as the 
cerebral cortex and abdominally displaced testicle, have 
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been shown to permit survival of implanted islets and in 
addition to protect them from alloimmune rejection. 1 ' 3 
Although these techniques deserve consideration because 
they obviate the need for host immunosuppression or 
prctranspiant immunomodulation of the graft, practical 
considerations would limit their use in clinical islet trans- 
plantation. 

Recently we reported that the thymus can serve as a 
novel transplant site that provides a suitable environment 
for islet endocrine function and promotes survival of al- 
lografts without chronic immunosuppression of the re- 
cipient Furthermore animals bearing established intra- 
thymic islet grafts are rendered specifically unresponsive 
to donor alloantigens as demonstrated by their inability 
to reject donor-strain islets transplanted to an extrathymic 
site. 4 

In the present study, we have evaluated further the^ 
mechanisms responsible for prolonged survival of intra- 
thymic grafts and for the induction of specifi c toleran ce^ 
that follows intrathymic islet tojisplantation. InadditionT 
we have determined the outcome of mtomyraic islet 
transplantation in spontaneously diabetic BB rats, in 
which both rejection and recurrent anti-beta cell autoim- 
munity can destroy islet allografts. 5 " 7 



Materials and Methods 



Animals 



BB rats were bred and maintained in the animal facil- 
ities of the University of Pennsylvania. In our subline of 
diabetes-prone rats, spontaneous diabetes has a cumula- 
tive incidence of 50% to 60% and develops between 60 
to 120 days of age. Rats that were considered to have 
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developed diabetes (serum glucose levels mnn* ,w ,«n • A * 1 *'** 0B *' 

mg/dL on 3 consecutive days) received inS " ^ * U «*««^ * identification 

of protamine zinc mc»?m *~ . i . . J ^ uun2> 01 islet tissue. 



' v ™ ***** t>*"w^ xcYvis more man 300 

mg/dL on 3 consecutive days) received daily injections 
of protenune anc insulin to prevent ketoacidosis and 
death. Insulin therapy was discontinued after islet trans- 
plantation so that Wood glucose levels could serve as an 
«d« of islet graft survival. Spontaneous recovery from 
diabetes m BB rats has never occurred in our colony All 
BB rate are homozygous for the RTI U haplotype at the 
major histocompatibility complex (MHO locus. 



Monoclonal Antibodies (MAb) and Flow Cytometry 

The following murine mAbs specific for rat lymphocyte 
markers were used; R73 (ami-*//? T-cell receptor rTCR? 
^ T ^°X^ti-CD*;cyt^ 
oajor tortocompatibility complex (MHO locul «» ^cells), W3/25 (anti-CD4; ^t5E£2 

weI?n^^ U ^T ,R c Tl0)andUwis ( RT,, )^ 18 : 5 (^-surface immunoglobu^ 

were purchased from Harlan-Sprague Dawley (Walkers- (dg ? ; ^ ^bodies were characterized nrevi 

vJle^ MD)andCharies River Laboratories (WUmintfon ° M,V M P "~ 

MA), respectively. ^ ' 



Induction of Chemical Diabetes 
Hyperglycemia was inducedin nondiabetic WFrats bv 

toSf o 1 ? tn, ? n °^ inieCti0n (65 of streptozo: 

tocui. Only rats with nonfestmg blood glucose levels of 
more than 300 mg /dL ware considered sStaS ut j 
plantation with pancreatic islets. 

Islet Isolation and Transplantation 

JS^r^ 1 ^ by digestion ofthepan- 

cr^ foUowed by centrifugation through a discontinuous 
Rcoll gradient as previously described. 4 Contaminating 
nonislet tissue was removed under a dissecting micro- 
scope, and only islets free of adherent acinar, vascular, 

fiHT WCre USed for plantation 
Spontaneously dabetic animals received islet grafts 2 to 

!S onset of diabetes, while chemically induced 
diabetic rats were allowed to remain hypergly eLc fori 

S^ yS i°,T 1UdC ^^^y that msuffident strep! 
tozotocm had been administered to cause permanent 
abetes^Freshly isolated islets (1000 to 1500^™ re tians- 
Planted into the following sites: (1) the liver via porS 
vein embolization, (2) the renal subcapsnle, (» tteS 

tion of 600 to 800 islets into each lobe. Islets were never 
maintained in tissue culture before transplant^ Hy 
peycemia usually was reversed within 1 dayandaJways 

wimm4days after transplantation. Where no^riS 
received 1 mL of rabbit anti-rat lymphocyte SuTSS 
(Accurate Chemical and Scientific Co?S£ N§ 

ing Wood glucose levels were determined three times each 
week in all islet recipients, with cessation oSS 
being defined as th* fW n fi ~— . ■ , - mnct,on 



22 * ^ onodonal W were used either asS- 
J2?£? supernatants or obtained in purified form 
from Byproducts for Science, Inc. (Indianapolis, IN) 
For immunoiluorescent analysis, 1 to 2 X 10« cervical 

£ STT V ^ 06115 <W were Abated 
for 60 minutes wrtb saturating concentrations of the pri- 
mary mAb, washed twice, and treated for 60 minutes with 
fluorescein isothiocyanate^njugated Ffrb^ goat am? 
mouse IgG (Tago, Inc., Burtingame, CAX Afl incutSs 
were performed at 4 C in Dulbecco's phosphate-bufiSS 
sahne (W>BS) containing 0.01% sodiuTSe ?en 
tiiousand viable cells were analyzed for relative fluori 

(FACS) with logarithmic amplifiers {FACS IV; Becton- 
cSZ' S ? aa ^^^^°<lfi«oresceneewas 
S^atonT 08 10CUbated ^ ^ fluorescei » «n- 

Adoptive Transfer Studies 
Spleens from long-term (more than 200 days) WF re 

Eft^ ^ «* alI °^ were teasS 
into single-cell suspensions, washed twicein D-PBS and 
injected intravenously (250 to 300 X (^lls/iednient! 

WF rats Twenty-four hours later, animals received fresh 
Lews islet allografts beneath the renal capsule without 
immunosuppression. Control animals reSved spK ' 
cells from unmanipulated WF rats. 



Skin Grafting 

rfSiSf* 1 ^ perfonned «worS«W to the method 
of Biflingham." Rejection was defined by extensive graft 
necrosis and sloughing, as judged by daflyLpecSon 52 
dressings were removed on the seventh day 

Results 



week in all islet recipients, with cessation of graft function ResuUs 1 

r^TZT ^ l00d gluoose leve> more than 200 mal Spontaneously Diabetic BB Rats epressea | 
OX). At the conclusion of each study, animals were killed t*, • . • i 
and islet-bearing organs were removed, feed taaSS r ^ a&C BletS JSolated from Lew^ donors and trans- 
solution, and processed for light micS^py tZZZ ^S^T ^ mOC ^ on fatos5x ^ntaneoSy 
tions of each oigan were stained witivSoSn ant S?f ^ ^ deStTOyed pr ° mp ^ in eve ^ "^sta^ 

ematoxyhnand (median survival time [MSTJ, 9 days). In this model it is 
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Table !. Survival of MHC-compatible and -incompatible Islet 
Allografts in BB Rats 





Donor Strain 
(MHQ 


Days of Allograft 
Survival (MST)* 


Liver (iatraportar) 


Lewis {RT J 1 ) 


8,9,9.19,24. (9)* 


Renal subcapsulc 


Lewis (RT1 1 ) 
WF(RTP) 


41,47 f 59,>70t 
>120 X 2 (>64J) 
23. 64. > 120 (64) 


Thy*"* 


Lewis (RT1») 
WF<RT!») 


>50X5, >120X6 
(>120)i 

>120X5(>120) 



impossible to distinguish rejection from autoimmune 
damage, which in itself can cause islet failure. As we have 
found previously, islets transplanted beneath the renal 
capsule had a more prolonged and variable survival in 
BB rats, which are known to be significantly immuno- 
deficient 12,13 Of the 6 recipients of renal subcapsular 
. grafts, 3 underwent islet failure after 4 1, 47, and 59 days, 
1 died while still normoglycemic after 70 days, and 2 oth- 
ers remained normoglycemic for more than 120 days be- 
fore they were used for other experiments (see below). In 
contrast to the results in other transplant sites, none of 
U BB rats that received intrathymic Lewis islets destroyed 
: their grafts. Serum glucose levels in these animals returned 
v to normal within 48 to 72 hours after islet transplantation 
; and remained between 80 and 1 10 mg/dL for the duration 
I- of 1 the study. Six of these animals, after being followed for 
. more than 1 20 days, were then studied histologically and/ 
or used for other experiments. Five other normoglycemic 
' animals are still being followed for periods between 50 
i and 67 days. These findings are summarized in Table 1 . 
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If autoimmune diabetes is an MHC-restricted process, 
islet allografts from MH&corapatible donors, although 
less susceptible to rejection by BB recipients than those 
from MHC-incompatible donors, would be more likely 
to be destroyed by autoimmunity. 14 ' 15 Therefore to in- 
vestigate whether the thymus protects MHC-compatible 
islet grafts from rejection and, more importantly, also 
from autoimmune damage, we compared the outcome of 
intrathymic and renal subcapsular grafts of WF islets in 
spontaneously diabetic BB rats. All five recipients of in- 
trathymic WF islets maintained normal serum glucose 
levels for more than 120 days, while two of three recipients 
of renal subcapsular WF grafts became hyperglycemic af- 
ter 23 and 64 days (Table 1). 



Assessment of Unresponsiveness vl Islet Allograft Recip- 
ients 

To determine whether intrathymic islets transplanted 
to diabetic BB rats would induce an unresponsive state 
that could protect subsequent extrathymic islets from ei- 
ther rejection or autoimmunity, five BB rats that had har- 
bored an intrathymic Lewis islet transplam\for 120 days 
received another Lewis islet allograft transplanted intra- 
portally. No immunosuppression was given at any time. 
Ail animals remained normoglycemic and 60 to 65 days 
after the second allograft the thymus containing the first 
allograft was removed in four of these rats to allow func- 
tional assessment of the extxathymic islet transplant (Kg. 
I). Three of the four animals remained normoglycemic 
after thymectomy while one (BB#1) became hypergly- 
cemic (blood glucose level, 250 to 300 mg/dL) although 
it remained healthy and continued to gain weight, unlike 



Fto. 1 . Blood glucose profiles 
of spontaneously diabetic BB 
rats (BB # 1-4) transplanted 
with Lewis islet allografts. ( 1) 
Intrathymic islet transplan- 
tatioa; (2) second transplan- 
tation of Lewis islets tntra- 
partaHy; (3) removal of islet- 
bearing thymus. 




0 1 0 
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Days after Transplantation 
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untreated BB rats, which usually do not survive without 
exogenous insulin treatment. 

In all six recipients of intrathymic Lewis islets, histologic 
examination of the thymus after 120 days revealed 
healthy, well-granulated islets and no lymphocytic infil- 
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trate. In the animals that had remained normoglycemic 
after thymectomy, the liver, when finally examined his- 
tologically, also contained well-granulated noninfiltrated 
islets (Fig, 2). The liver of the one rat that became hy% 
pergly cemic after thymectomy contained intact islets with 





FIG. 2. Photomicrographs of thymus and Hvcr from BB recipients of Lewis islet allografts, (a) Section of a thymus removed 1 80 days after implantation , 
of Lewis islets. The islets (arrow) appear healthy and there is no mononuclear infiltration (H&E X80). (b) Aldehyde-ruchan-stained section from 
the same specimen demonstrating abundant insulin granules (X20). (c) Section of liver from a rat that was transplanted with intraportal Lewis islets 
120 days after intrathymic islet transplantation. Removal of the liver was performed 110 days after intraportal islet transplantation 
CH&E X16D). (d) The presence of beta cells in the same section is indicated by insulin-specific staining (aidehyde-fuchsin X J 60). 
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ao suggestion of insulitis; however they stained weakly 
for insulin. This histologic finding suggested that an in- 
sufficient number of islets had been transplanted to the 
liver to allow the intraportal graft alone to maintain nor- 
jgogfycemia after removal of the thymus. Such grafts are 
Ijjcely to show degranuiation of beta cells, 16 

Although most renal subcapsular transplants in BB rats 
eventually fail, in this study two rats maintained func- 
tional kidney subcapsular islets for more than 120 days* 
allowing us to assess the capacity of allografts in this ate 
to induce unresponsiveness. One of these rats was grafted 
irith Lewis skin, which was rejected after 29 days, pro- 
. voting rejection of the islet graft 9 days later. The other 
i rat received a second Lewis islet allograft, transplanted 
intraportaHy. This animal remained normoglycemic, and 
i 60 days later was killed for histologic examination of the 
^transplanted islets. Although noninfiltrated islets were 
I found under the renal capsule, only a few recognizable 
| feteis remained in the liver, and these were infiltrated by 
\ mononuclear cells; Thus it appeared that the persistence 
j of allogeneic islets in the kidney does not diminish the 
\ vigor of the immune response to subsequent allografts of 
[ donor-strain skin or extrathymic islets. The pancreata of 
\ ay animals mentioned above were examined histologically 
| and in no instance did recognizable beta cells remain. 

f Studies oj Intrathymic Islet Allografts in Immunized Hosts 

To evaluate the capacity of the thymus to act as a priv- 
J ileged site in presensitized hosts, four WF rats were sen- 
; sitized with Lewis skin allografts. After rejection of the 
| skin grafts, the rats were rendered diabetic with strepto- 
! zotocin and 5 days later transplanted with Lewis islets 
( into either the thymus or another privileged site (the tes- 
tide), in conjunction with 1 mL of ALS administered 
intraperitoneal!/. All animals became normoglycemic af- 
ter transplantation but rejected the islets rapidly (within 
10 days), indicating that the efferent arc of the immune 
response is intact for both intratesticular and intrathymic 
grafts and confirming our previous experience with allo- 
grafts in other privileged sites (Table 2). 17 

The vulnerability of established intrathymic islet allo- 
grafts to immunity induced by subsequent donor strain 



Table 2. Survival of Lewis Islet Allografts in Sensitized WF 
Recipients* 



Days of Allograft Survival 



Transplant Site Sensitized Hosts* 



Unsensitized Hosts 



Testicle 
Thymus 



10,10 50 X 2,76. MO,>200X2 

5, 6 28, 33, 57. >200 X 10 



t AH recipients received 1 cc ALS administered intxaperitoncally at 
time of islet transplantation. a 
* Islets were transplanted 5 days after rejection of a Lews skin allograft. 



skin also was assessed. Three (two WF, one BB) rats that 
had maintained functional intrathymic Lewis islet allo- 
grafts for 120 to 200 days were grafted with Lewis skin. 
Skin allograft survival in the two WF rats was minimally 
if at all prolonged (1 1, 14 days versus 9 to 10 days in six 
controls). This was also the finding in the BB recipient, 
in which rejection of the skin was complete in 30 days 
(control MST: 32 days* n = 4)* toterestingjy none of these 
animals rejected the skin grafts in an accelerated manner, 
indicating that they had not been sensitized by the intra- 
thymic islets and suggesting interruption in the afferent 
arc of the immune response. The fate of the long-standing 
intrathymic islets was variable in these same animals after 
they were challenged with a skin allograft In the BB rat, 
diabetes recurred 36 days after skin grafting (6 days after 
the completion of skin graft rejectibn). One of the WF 
rats became hyperglycemic 11 days after skin grafting, 
while the other has remained normoglycemic despite re- 
jection of the donor-strain skin allograft 

In Vitro Assays to Characterize the Unresponsive State 
Induced by Intrathymic Islet Allografts 

Several assays were performed to define possible dif- 
ferences in the immune system induced by the presence 
of alien antigen in the thymus. To exclude the possibility 
that inoculation of islets into the thymus had disrupted 
T-cell maturation and thus rendered the animals im- 
munodeficient, lymph node cells from long-term (more 
than 120 days) BB or WF recipients of intrathymic islets 
were analyzed by flow cytometry (Fig. 3). Cells from un- 
manipulated and intrathymically grafted WF rats showed 
similar percentages of TCR+, CD8+, CD4+, and slg+ 
subsets. While both naive and transplanted BB rats dem- 
onstrated the T-cell lymphopenia characteristic of this 
strain, 18 no significant phenotypic differences were noted 
between these two groups. 

Mixed lymphocyte culture assays previously performed 
on LNC from WF recipients of intrathymic Lewis islets 
showed normal proliferative responses to donor alloan- 
tigens as compared to nontransplanted controls. 4 We did 
not perform these assays in BB rats because there is never 
a significant in vitro proliferative response to allogeneic 
stimulators. IHJ9 

Adoptive Transfer Studies to Assess Possible Suppressor 
Cell Activity in Intrathymic Islet Recipients 

Two mechanisms that could account for the unrespon- 
siveness of long-term recipients of intrathymic allogeneic 
islets to subsequent extrathymic transplants are (1) dele- 
tion or ihactivation within the thymus of specific T-cell 
populations that could otherwise be expected to destroy 
ext 
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TCB+ 



C08+ CD4+ 



TCR+ CDB+ CD4+ «tg+ 



Fig. 3. Immunofiuorcsctnti 
analysis of lymph node cellsi 
from WF and BB rats tear; J 
iog long-term (more than! 
120 days) intrathymic (IT)| 
Lewis islet allografts, (a) Wpi 
controls (shaded bars); Wp| 
recipients of intratnymic is- f 
lets (solid barsX (b) unttans-j 
planted spontaneously dia-| 
botic BB controls (shaded $ 
bars); BB recipients of intra- § 
thymic islets (solid bars). &es \ 
suits are means ± SD of three I 

Off 



We have already reported the results of studies to assess 
the first possibility (see Discussion). To evaluate the latter, 
we adoptively transferred 250 to 300 X I0 6 spleen cells 
either from nontransplanted WF controls or from WF 
rats harboring intrathymic Lewis islet allografts for more 
than 100 days to sublethally irradiated WF hosts. These 
animals subsequently received islets from Lewis donors 
beneath the renal capsule. Islet survival is rats given spleen 
cells from intrathymic recipients was not significantly dif- 
ferent thfin that of the control group and thus provided 
no evidence for suppressor cells (Table 3). 

Discussion 

Recently we found the thymus to be another of the 
relatively few transplant sites that will permit successful 
engraftment and normal metabolic function of pancreatic 
islets. Even more interesting was the concomitant obser- 
vation that the thymus is a previously unrecognized im- 
munologically privileged site. Islet allografts transplanted 
intiathymically to nonimmunosuppressed rats with 
chemically induced diabetes exhibited substantially pro- 
longed survival and, if the hosts were briefly immuno- 
suppressed with a single dose of ALS, permanent allograft 
survival was achieved Although the precise mechanisms 



Table 3. Survival qf Lewis Islets m WFRats Inoculated with 
Syngeneic Spleen Cells from Intrathymic Lewis Islet Recipients 



Status of WF Spleen 
Cell Donor 


Treatment of 
Recipient* 


Days of Islet 
Allograft 
Survival 


Intrathymic Lewis isletst 
Naive 


450R 
450R 


8. 9, 12 
12, 14, 16 



* Rats were irradiated on day -2 and received 250 to 300 X 1 0 6 spleen 
cells on day - 1 relative to islet transplantation. 

t Animals had retained intrathymic Lewis islet allografts for more 
than 100 days. 



responsible for these findings remain to be elucidated, a ] 
partial explanation is suggested by several known mor-| 
phologic and physiologic characteristics of the organ. Ul~ 
trastructural studies as well as experiments using partic- j 
ulate dyes have demonstrated the presence of a blood- 
thymus barrier surrounding capillaries in the thymic ; 
cortex. 20 In addition the thymus possesses no afferent \ 
lymphatic supply. 21 These details of vascular anatomy 
may account for the findings ofMichie et aL 22 that there 
is minimal recirculation of mature T lymphocytes through 
the thymic parenchyma. Despite the classification of the 
thymus as a primary lymphoid organ, it is relatively re- 
moved from the immune surveillance, that takes place in 
other tissues, thus explaining the sanctuary it provides foe 
allografts. 

In the present study, we sought to determine whether 
the thymus' immunologically privileged nature would be 
sufficient to sustain allografts implanted in sensitized hosts 
that bear an expanded population of effector T cells re- 
active to donor afloantigens. However, when we trans- 
planted allogeneic islets into the thymus of recipients 
that had previously rejected donor strain skin grafts, the 
islets were destroyed in an accelerated manner, demon- 
strating that the intrathymic site is readily accessible at 
least to activated T cells. These findings correlate with 
reports that antigen-stimulated T lymphocytes have an 
enhanced capacity to recirculate through the thymic pa- 
renchyma. 23,24 That the thymus is indeed an immuno- 
logically privileged site is not contradicted by these results 
because it is well established that even sites of proved 
immunologic privilege such as the anterior chamber of 
the eye, the brain, and the testicle are incapable of pro- 
tecting allografts from destruction in previously immu- 
nized hosts. 17 Lending further credence to the status of 
the thymus as a privileged site was our finding that intra- 
thymic islet allografts did not sensitize their hosts to sub- 
sequent donor strain test skin grafts, which were rejected 
with normal tempo. This outcome is consistent with in- 
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: terruption of the afferent arc of the immune response, 
which is also a characteristic of most other privileged sites. 

While the prolonged survival of intrathymic islets in 
naive hosts may be explained by the immunologically 
§■ privileged status of the thymus, the finding that recipients 
I bearing established intrathymic grafts are unable to reject 
m subsequent donor strain islets suggests that mechanisms 
| that alter systemic altaunmune responses are also con- 
tributory. We have previously demonstrated that fee- 
% fluencies of cytotoxic T-cell precursors specific for donor 
alloantigens are reduced in intrathymic islet-bearing 
hosts, 4 Thus one such mechanism may involve deletion 
or functional inactivation of alloreactive clones by the 
ff foreign cells within the thymus. Nevertheless the possi- 
bility remains that additional mechanisms such as gen- 
i" eration of suppressor or anti-idiotypic T cells may con- 
tribute to the acceptance of extrathymic grafts. In fact 

• suppressor .cell-mediated unresponsiveness has been 
: shown to develop in several models of long-term graft 

survival, particularly those in which acceptance of the 
allograft is achieved by administration of potent immu- 
nosuppressive agents. 25,26 Our finding that islet allograft 
I survival in secondary hosts was not prolonged by transfer 
: of lymphoid cells from intrathymic islet-bearing recipients 
| argues against the generation of regulatory cell populations 

* as the basis for the survival of intrathymic islets and further 
supports the conclusion that the unresponsive state to ex- 

| trathymic grafts is mediated primarily by deletion or in- 
[ activation of specific T-cell clones within the thymus. That 
skin allograft survival was not prolonged by the intra- 
thymic islets was somewhat disappointing because it in- 
| dicales that the degree of unresponsiveness we have in- 
duced by this method is not comparable to that which is 
caused by neonatal inoculation of donor-strain bone 
marrow, and thus should probably not be referred to as 
"tolerance." 27 

A central focus of the present study was to test the 
capacity of the thymus to protect islets transplanted to 
spontaneously diabetic BR rats. It is important to remem- 
ber that these transplants were done in hosts that had 
already destroyed their native pancreatic islets. In this 
sense they were presensitized to islet tissue and presumably 
had an expanded population of effector cells reactive to 
putative autoantigens in the transplanted islet tissue. 2 * The 
barrier of autoimmune damage to islets may, in fact, be 
at least as important to the success of islet transplantation 
as rejection because in both animals and humans it can 
result, by itself, in islet failure. 2 * Viewing the experiment 
in this context, it is rather surprising that the outcome of 
intrathymic islet transplantation was so good. In fact in 
none of the 1 1 acutely diabetic BB rats transplanted with 
Lewis islets was there ever an indication from blood glu- 
cose values or histology that even mild rejection or au- 




toimmune insulin's occurred. In contrast all intraportally 
transplanted islets were rapidly and completely destroyed 
In addition to these controls, an extensive collective ex- 
perience exists from our previous work and that of others 
.concerning the fate of islets transplanted to other extra- 
thymic sites in BB rats (reviewed in Markmann et al. 29 ). 
We and others have noted that transplanted islets are de- 
stroyed by BB rats even when the contribution of allo- 
geneic rejection is eliminated by pretransplant in vitro 
culture or by the induction of neonatal tolerance. Thus 
in no previous reports, despite the fact that BB rats are 
relatively immunodeficient, could failure from rejection 
or autoimmune damage be consistently prevented unless 
islets were subjected to pretransplant culture or unless 
heavy or continuous immunosuppression was used. For 
example, when Selawry et al. 30,31 transplanted islets to a 
privileged site (the testicle) of BB rats, they found it nec- 
essary to use either pretransplant tissue culture or ALS 
(or both) to obtain prolonged survival. Neither pretran- 
splant culture or immunosuppression was used at any 
stage in the experiments in BB rats reported here. 

The possibility that autoimmune destruction of islets 
is an MHC-restricted process raises another interesting 
question: Will MHC-compatible islets fare worse than 
MHC-incompatible ones in BB rats because MHC re- 
striction might protect the latter from autoimmune de- 
struction? 12 Regardless of this consideration, we found 
the intrathymic site to be protective because both uncul- 
tured WF and Lewis islets implanted there uniformly sur- 
vived while those transplanted to the renal subcapsule or 
liver did not 

While the prolonged survival of intrathymic islets in 
BB hosts must, at least in part, be due to the immuno- 
logically privileged status of the thymus, the finding that 
recipients bearing established intrathymic grafts fail to 
destroy subsequent extrathymic islets either by rejection 
or autoimmunity argues that additional mechanisms that 
alter systemic immune responses are also, involved. Al- 
though the evidence for this presented here in BB rats is 
good, it is not quite as firm as that in our previous report 
on the weakening of the alloimmune response we caused 
in chemically diabetic rats. In three of the four BB rats 
that were retransplanted with intraportal islets after pro- 
longed residence of an intrathymic graft, the persistence 
of normoglycemia after removal of the thymus demon- 
strated that the intraportal graft was not damaged by either 
rejection or autoimmunity, a conclusion later confirmed 
histologically. In the fourth rat, however, removal of the 
thymus did cause hyperglycemia. Examination of the liver 
of this rat revealed many islets that stained only weakly 
for insulin granules. No mononuclear infiltrate was noted. 
This finding is compatible with either of the following 
explanations: ( 1) the number of islets transplanted intra- 
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portally was insufficient to maintain nonnoglycemia and 
the remaining beta cells degranulated; (2) there was spe- 
cific autoimmune destruction of islet beta ceils while the 
nonbeta cell populations were protected from rejection 
by the influence of the intrathymic allograft. 

Somewhat surprisingly and in contrast to our earlier 
experiments in streptozotocin-diabetic WF rats, it was not 
necessary in BB rats to use any immunosuppression to 
achieve permanent survival of intrathymic islet allografts 
or to induce unresponsiveness to subsequent extrathymic 
ones. A possible explanation for this is that the profound 
T-cell lymphopenia characteristic of BB rats allowed in- 
trathymic islets to survive long enough to effect unre- 
sponsiveness. However, despite the immunodeficient sta- 
tus of BB rats, the eventual destruction of the majority 
of intraportal and renal subcapsular islet allografts dem- 
onstrates that these animals retain the capacity to respond 
to foreign tissue grafts and further underscores the superior 
nature of the thymus as a transplantation site. 

We previously postulated that the donor-specific un- 
responsive state induced by intrathymic islet transplan- 
tation develops as T lymphocytes maturing in the thymus 
become tolerant to the antigens present within this spe- 
cialized microenvironment Ifc animals that are fully im- 
mune competent, this effect may require transient deple- 
tion of mature peripheral T cells to prevent destruction 
of the intrathymic graft However, if prolonged allograft 
survival in the thymus is achieved on some basis other 
than immunosuppression, gradual physiologic replace- 
ment of the peripheral T-cell repertoire by newly matured 
T cells may produce similar results. Although evidence 
exists that a sizeable percentage of peripheral T cells are 
relatively long lived, 32 the prolonged interval between in- 
trathymic grafting and subsequent intraportal retrans- 
plantation (more than 120 days) used in our studies of 
BB rats may have been sufficient for extensive repopu- 
lation of the periphery with "tolerant" lymphocytes. On 
the other hand, it is possible that, in contrast to our find- 
ings using ALS-treated rats, the presence of intrathymic 
grafts in nonimmunosuppressed hosts can lead to devel- 
opment of regulatory oell populations that inhibit immune 
responsiveness to donor alloantigens. We are currently 
addressing this possibility. 

This report provides further evidence that the success 
of intrathymic transplantation of islet allografts depends 
on the immunologically privileged status of the thymus 
as well as on systemic alterations in the immune system 
that this approach induces. Furthermore our demonstra- 
tion that intrathymic islet transplantation can restore 
permanent euglyceraia in spontaneously diabetic BB 
rats indicates that the thymus can protect islets from both 
allogeneic rejection and destruction by recurrent anti- 
beta-cell autoimmunity. The applicability of this approach 
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to the treatment of human type I (insulin-dependent) dij 
abetes mellitus remains to be determined. 
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Discussion 

Or, Anthony P. Monaco (Boston, Massachusetts): It is a pleasure 
jfjTor me to discuss Dr. Naji and Dr. Barker and their group's paper. 1 have 
Iliad the privilege of also reading it last night. This is a provocative and 
^outstanding and highly intelligent work. It is a continuum of their ex- 
traordinary work over the years, and they never disappoint us. This work 
psanother example of their extraordinary scientific ability and intcllec- 
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In their paper today, they have demonstrated that the thymus seems 
have the characteristics of a privileged site; that is, thai islets placed 
the thymus seem-not to be rejected. In their manuscript, which I had 
le opportunity to read, if that experiment is done in a sensitized animal, 
1 is, sensitized loathe histocompatibility antigens of the islets placed 
n the thymus, the experiment does not work, and those islets are rejected. 
This is characteristic of the classic privileged site phenomenon. What 
|ts different is that residence in the thymus seems to confirm some cx- 
itrathymic message in the foTm of extrathymic tolerance. This tolerance, 
-however, also is kind of unique. At least we do not have all ihc information 
determine whether it is typical tolerance of the Billingham-Breni- 
Ncdalartype. 

[ First of all when islets were transplanted later cxtrathymieatly, they 
'were not rejected as iong as isiets were in the thymus. We would like to 
:know whether this tolerance extends to similar tissues of the same his- 
jf locompatibi iity type, such as skin or liver, or some other tissue, or whether 
it is unique just for the thymus. 

- Furthermore this phenomenon still probably needs some extra thymic 
I immunologic ablation because, when it is done not in the BB rat, they 
' have had to use antilymphocyte serum, and, as Drs. Naji and Barker 
|p point out in their paper for me, this BB rat has a certain amount of 
immunodeficiency. 

So I have three questions. First have you done any experiments to see 
whether the tolerance extends to nonisJet tissues? Secondly, and most 
important, if this is an exclusion of the T-cetl r 
ertoire of the MHC of the islet, then h should be able to be accomplished 
by putting any tissue of the same MHC in that thymus, like lymphocytes, 
splenocyles, etc 

And then thirdly, does the type of challenge that one does peripherally 
affect the tolerance that you get? That is if you have more of an im- 
munogenic challenge, is the tolerance broken? 
It is a pleasure for me to discuss this extraordinary paper. 



Dr. Frank Thomas (Greenville, North Carolina): Our group has 
also been interested in this area, and the mechanism by which a striking 
tolerance to islets is achieved, the subject addressed by these studies. We 
agree that suppressor cells are unlikely to explain this phenomenon. 

Cells reactive to donor isiets developed by both positive and negative 
selection in the thymus, an organ described as the place T cells go for 
nrrier using ;g their college education. As first described by Miller, Bevan, and others, 
a number of cells can act within the thymus to execute what has been 
New Yoric jg called a yeto phenomenon, effectively vetoing the antidonor activity of 
a developing thymic cell. 
Although commonly involvingT cells, the veto mechanism can involve 
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macrophage and dendritic cells, ceils acting in concert, some think even 
with somatic donor cells, which of course' would include donor islets. 
Our group has identified the veto phenomenon in a model of adult tol- 
erance we have studied, and found it to be a quite potent mechanism. 

The key feature of the veto mechanism is the ability to signal developing 
T cells within the thymus to abrogate their programmed cytotoxicity to 
the donor or veto antigens. Many of the features described by Dr. Najfs 
group, including clonal deletion or energy as shown by MLC and CTL 
precursor studies, fit the veto phenomenon to a T. 

The uniqueness of the thymus among body organs in generating this 
reaction is also quite in keeping with the veto phenomenon that occurs 
largely in the thymus by classical thinking. 

Have yon entertained the veto hypothesis to explain intrathymic-in- 
duced tolerance? There are definitive ways by which mis hypothesis could 
be studied beyond phenotypic analysis of total thymus T-cclI maturation 
and MLC studies performed. 1 wonder if you have pursued any of these 
studies to date? 

Dr. Marx A. Hardy (New York, New York): This is a most exciting 
and important study, and 1 would like to join all the others in compli- 
menting the authors on the thorough and complete study, which I had 
the privilege to review last right in manuscript form. 

This approach of intraihymic injection of antigen to induce immu- 
nologic unresponsiveness has really a much broader implication in 
transplantation than just for islet transplantation, as our own work now 
has shown that the use of mtrathymic UVB-irradiated splenocytes permits 
indefinite cardiac allograft survival. 

Another recent paper in Lancei, using isolated glomeruli injected in- 
trathymicaliy in a rat model, allowed subsequent donor-type kidney 
transplant survival in these rats. 

It is therefore conceivable that the use of the approach described by 
the authors may permit specific clinical manipulation of the host to 
allow prolonged survival of allografts other than islets and thus avoid or 
at least reduce the toxic side effects of immunosuppression. To be clin- 
ically practical, however, the interval between the mtrathymic injection 
and the subsequent grafting must be Yery short, of the order of a day or 
two, to adhere to the way that we preserve organs today. 

Therefore I would like to ask the authors whether they have tried to 
shorten the interval between injection and grafting. The interval that 
they have used is about 100 days. In our experiments, we have used an 
interval of a week. This question has to be addressed very carefully. 

Have they tried this approach in larger animals, as we are looking for 
a clinical application? 

Theoretically what do they think is the role of the donor antigen- 
presenting cells versus the imrathyimc antigen-presenting cells in the 
development of this type of nonself- and self-recognition? 

What am the kinetics of the allograft unresponsiveness in this model? 
Specifically have they removed the thymus at any point before subsequent 
grafting to sec whether the beneficial erTeci continues? Have they fulfilled 
in that sense Koch's postulate? 

And finally ! would like to ask, do they think that the organ-specific 
antigens play a role in induction of specific organ unresponsiveness? 
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I enjoyed reviewing this paper. I think it is one of the most exciting 
and important contributions, at least in the last year, to the field of 
transplantation. And I look forward to much more work on this subject 
in the future. 

I want to thank the society for the privilege of the floor. 

Dr. Joseph K. Murkay (Boston, Massachusetts): I join the others in 
acknowledging this superb experimenxal model I have always been in- 
trigued by the lag time in many aspects of scientific progress. In this 
instance there is a J 9-year interval from the original description by Raviola 
and Karnovsky of a blood-lhymic barrier in the thymic cortical capillaries 
to its use in experimental models. As soon as I return home, I will took 
up that original paper to find out just why they were pursuing that par- 
ticular phase of thymic anatomy. 

This time lag is renuntscent of the lag between Liliie's 19 16 observation 
of the placenta! mterniingKng ofblood in freemartin cattle and the 1945 
report of Ray Owens on the immunologic consequences of this anatomic 
anomaly. Owens' report led directly to the Bffiingham, Brent, Medawar 
paper in Nature in 1 953 on "Actively Acquired Immunological Tolerance 
in Mice/* a foundation piece in transplantation biology, for which Me- 
dawar received a Nobel Prize. 

Raviola and Karnovsky apparently traced the lymphatics in the thymus 
and found absence of the efferent component Like Dr. Monaco I am 
intuitively attracted to all possibilities in transplantation that might 
eliminate the need for immunosuppressive drugs. There are hints that 
naturally occurring immunosuppressive agents may exist Dr. John 
Mannick and James Mobray published on such a serum factor 
years ago. 

Sir Roy Calne noted 20 years ago that the pig liver seemed to possess 
a natural immune tolerance. Currently his group in Cambridge, England 
have reported in rats that the scrum from successfully allografted liver 
recipients is protective when tranfused into untreated liver recipients. 
This observation reminds me of Nate Kaliss's enhancing antibody, which 
protected tumors from being rejected. Recently a Canadian group lias 
reported that human intestinal allografts seem to survive and function 
better in the presence of a liver allograft. These observations may be 
clues for the future. 

You state in your manuscript that your animals are not tolerant in 
theBillingham. Brent, Medawar sense BiDingham, Brent, and Medawar 
used to wonder whether they were producing tolerant cells or tolerant 
animals. How would you answer that question today on the basis of 
your current experience? 

Finally T was surprised that the renal capsule was partially a privileged 
site. 1 enjoyed this paper very much not only for its clinical but also for 
its biologic implications. The model applications may well become a 



Dr. James C Thompson (Galveston, Texas): I thought I might break 
into this Transplantation Mafia here. My ignorance of the thymus 
amounts to a national resource, but 1 would like to ask the authors about 
duration of thymus activity. We know that the thymus gradually stops 
working after a while; and at what age does it lose this ability to effect 
this kind of magic transmutation? 

And if that has been studied, is there any way to prolong this immune 
protective function of the thymus, stick in a new one, or anything like 
that? 

Dr. John S. Najarian (Minneapolis. Minnesota): The authors have 
described an intriguing possibility regarding the formation of some form 
of immunologic tolerance. They have demonstrated that this is an organ- 
specific phenomenon, because skin graft from a donor of the same strain 
is rejected. 

I did not get a chance to read the manuscript, but I am intrigued by 
the immunologic question it raises. That is if you implant islets into the 
thymus, remove the thymus containing the islets, and then challenge the 
host with islets from a rat of the same strain, do the second islets survive? 
In other words do you have cellular tolerance to that specific organ? If 
so that is the first report I have seen of immunologic tolerance in which 
persistent antigen has not been present. 

And so this is my finat question: Have you done this experiment and 



does it work? When you remove the thymus containing the islets, will! 
a second transplant of islets from the same strain survive? 

Dr. Au Najk Dr. Murray, the origin for the idea of intrathym ic ceihik, 
transplantation is the classic paper of BHUngham, Brent, and Medawar! 
in Nature (1 72:603, 1 953). In this landmark report, which I have rereadf 
many times, the authors described the concept and the feasibility of 
induction of neonatal tolerance in mice inoculated with cells of lymphoid, 
and nonlymphoid tissues such as testes and kidneys. Curiously the total! 
number of animals rendered tolerant was actually small. One wonde 
if the inefficiency of the tolerance-inducing inoculum was due to tr„ 
proportion of lymphoid and nonlymphoid cells or to the technical difcl 
ficulty of targeting the cells to the fetus. It is well known that nconataP 
inoculation of cells of lympbohcraatopoietic origin routinely produces! 
a high degree of tolerance. We reasoned that the failure of nonlymphoidl, 
cells to induce tolerance may have been related to inability of such cells!] 
to "home" to the thymus, whereas cells of lymphohenaatopoietic origin^ 
would be expected to migrate to the thymic microenviroamcnL Tnusf 
we initiated experiments to assess whether cells of nonlymphoid origin! 
if implanted in the microenvironment of the thymus would be ( 4 
of inducing tolerance. ^ 

We have found that the acquisition of peripheral immune urn^spon-fj 
siveness after intrathymic islet inoculation permits indefinite survival hfl 
extrathymic islets, but only slight prolongation of skin allografts, ft appears! 
that the thymus behaves as a classic immunologically privileged site-am 
is subject to the usual biologic characteristics of such sites, in that prio 
sensitization of the host with skin allografts precludes prolonged survival fj 
of intrathymic islets. ■ 
The question of why occasional islet allografts survive permanently^ 
in the renal subcapsule without a prior intrathymic implant is intriguing.^ 
The duration of these islet survival was variable, however, and on longl 
term observation they were all rejected. In contrast virtually all intra-i 
thymic islets were protected against rejection and produce a remarkably! 
superior degree ofblood glucose homeostasis than intraporta) or subrenal^ 
capsule islet allografts. m 
Dr. Najarian, you asked whether the peripheral unresponsiveness couldl 
be maintained after the removal of the thymus bearing the aHoantigett^ 
We have not carried out extrathymic islet transplants after removal off 
the thymus, but to some extent our work in the BB rats addresses your*! 
question. In our experiments the spontaneously diabetic BB rats wereff 
transplanted with intrathymic islets and approximately 100 days lateral 
were challenged with an extrathymic (rotraportal) allogeneic islets. 'I ne|| 
BB recipients harboring both intrathymic and intrahepatic islet allograft^! 
were observed for an additional 2 months before removal of the thymus^ 
bearing the islet allografts. In thymectomized hosts observation for anW 
additional month showed no destruction of the extrathymic islets or|§ 
recurrence of diabetes. Therefore it appears that the continued presence}! 
of the thymus bearing allogeneic islets is not necessary for maintena 
of the peripheral unresponsiveness. 

Dr. Thompson asked whether the involution of the thymus with tj 
influences the survival of the intrathymic islets. We were initially cotiM 
cerned that with ihe progressive involution of the thymus we might ob|§ 
serve destruction of the islets and recurrence of diabetes. The redpienufjg 
in our studies were all adults, however, and transplants were carried ouf 
at 10 to J 2 weeks of age. We have now followed other intrathymic i 
recipients for more than 2 years, a period close to the life span of thefl 
rat, without any recurrent diabetes. j I 
Dr. Hardy, we are delighted that Dr. Remuzzi and his colleagues from?! 
Italy (Lancet 337:750, 1991) have confirmed our work by their recent!! 
report of prolonged survival of renal allografts after intrathymic gle-f I 
merular transplantation. ?| 
The question of the requirements of the donor versus recipient antigffa^f 
presenting cells is an important one. We have addressed this issue by J 
intrathymic transplantation of in vitro cultured islets to delete intra-isleM 
APCs. This strategy permits us to dissect the contribution of islet erK| 
docrine cells (expressing class I major histocompaUbility complex [MHC£| 
antigens) or the mtra-islet antigen-presenting cells (expressing both das^l 
1 and class H MHC antigens) toward induction of peripheral unrespon-jf 
siveness. Our preliminary data indicate that APCdcpleted intratbyrnft 
allografts survive indefinitely. Interestingly APC depletion obviates the; 
need for administration of a single dose of antilymphocyte serum tft 
reduce the peripheral mature T lymphocytes. We have not assessed thc.3 
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rtrt ^uisor frequencies of the cytologic T lymphocyte (CTL) or helper T 
S^s.«jeTthe tolerogenic potential of class I or class II MHC antigen- 
hearing cells, however. 

Or Thomas's remarks were related to the veto phenomenon as a 
mechanism for the induction of peripheral unresponsiveness. The veto 
Siinomenon as described by Fink and Bcvan assumes an interaction 
between two lymphoid cdl populations. I am not aware that nonlymphoid 
c*W such as islet endocrine cells, can participate in the veto network 
obenomcnon. We have assumed that the peripheral unresponsiveness is 
- due to the persistence of the alloantigen-bearing parenchymal cells (islet 
! endocrine cells) in the thymic microenvironmem and'lhcxr influence on 
maturing thymocytes. There is evidence that maturing thymocytes are 
more susceptible to tolerance-inducing signals and moreover that' "in- 



appropriate" presentation of antigen by nonlymphoid cells induce a state 
ofancrgy in T cells. 

Dr. Monaco asked about the abolition of the tolerance by reconstitution 
of the hosts with syngeneic cells. As you know this constitutes a classic 
method to abolish neonatal tolerance, and we have begun to assess the 
impact of the syngeneic lymphoid cell reconstitution on abolition of 
tolerance after intrathymic islet transplantation. We have carried out 
further studies on the efficacy of intraihymic transplantation of cells of 
lymphohematopoieUc origin to induce peripheral unresponsiveness. Our 
preliminary results are encouraging* in that intrathymic inoculation of 
lymphohematopoictic cells possessing tolerogenic potential appears to 
induce peripheral unresponsiveness toward other tissue and vascularized 
organ allografts. 
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Dear Sir: 

1. I, David Scharp, M.D., am Executive Vice President and Chief Medical Officer of 
Novocell, Inc. At Novocell I am actively engaged in research related to development of 
treatments for diabetes using encapsulated insulin-producing cells. 

2. I have extensive experience in the field of the claimed invention as indicated in the 
attached Curriculum Vitae provided herewith as Exhibit A. 
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3. Working with the sole inventor of the present application, Paul P. Latta, and others, I 
carried out experiments to evaluate the efficacy of treating diabetes through induction of 
immunological tolerance. 

4. The currently available approach to treating, diabetes, which does not require repeated 
administration of insulin, is transplantation of insulin-producing cells from a donor to the 
diabetic patient. However, the problem with this approach is that such transplants do not survive 
the attack of the host immune system unless the patients are under continuous, life-long 
immunosuppression. 

5. The approach of the present invention is totally different in that we are implanting a very 
small fraction of a therapeutic dose of encapsulated islet allografts prior to implantation of the 
fully therapeutic dose in order to tolerize the immune system to the foreign antigens shed by 
these encapsulated allografts made impervious to the assault by the host immune system. The 
fraction of encapsulated islets in the tolerizing dose is so small it would have no effect on 
controlling blood glucose by itself. However, the continuous release of donor antigens from this 
small fraction of encapsulated islets not destroyed by the host, alters the immune response in a 
way that the host no longer considers the implanted islets to be foreign. The tolerization 
therefore, protects the later implanted non-encapsulated islet allografts from being rejected by the 
host, allowing them to take permanent hold in the host body and produce the fully therapeutic 
amount of insulin as needed to treat diabetes. 

6. In our original experiments, described in the Specification of the above-identified 
application, we induced diabetes in mice by intravenous injection of streptozotocin. Induction of 
diabetes by streptozotocin injection is a well-known procedure which destroys pancreatic insulin- 
producing cells. We first implanted into these mice a small, sub-therapeutic dose of encapsulated 
insulin-producing cells. Two to three weeks later the same mice received an additional, large 
(therapeutic) unencapsulated implant (2,000-3,000 cell aggregates, 1000 cells per aggregate) of 
insulin-producing cells. We showed that the encapsulated insulin-producing cells given as a 
small mass of 100 cell aggregates (1,000 cells per aggregate) permits this second unencapsulated 
implant to survive as shown by normalized blood glucose levels in the treated mice. 
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7. We then turned to another animal model of diabetes, non-obese diabetic (NOD) mice, and 
proved that the method works in this model as well 

8. There are two available animal models for studying Type I diabetes, the BB rat and the 
NOD mouse. The BB rat, while developing diabetes, has a multitude of immunologic disorders 
that makes it more of a model for immune deficiency than diabetes, The BB rat is no longer 
considered an acceptable model for studying human autoimmune diabetes. 

9. The NOD mouse is therefore, the only animal model for autoimmune, Type I diabetes 
that it is predictive of human disease. The lymphocytes of the NOD mouse spontaneously begin 
attacking its insulin-producing pancreatic beta cells soon after birth. Looking at the histology of 
the pancreas of these mice during the autoimmune process, one finds early that most islets are 
infiltrated with immune cells that are destroying islets. As the process continues towaids the 
diabetic phase, almost all of the beta cells are destroyed leaving smaller than normal islets with 
residual inflammation that continues to destroy the new islets that are stimulated to develop due 
to the failing islet mass. This ongoing destruction of the insulin-producing pancreatic beta cells 
continues and progresses for 15 to 32 weeks until a sufficient number of beta cells are destroyed 
to cause the clinical onset of Type I diabetes in NOD mice. Examining living NOD mice prior to 
development of clinical diabetes, including monitoring their blood glucose levels, one would 
have no clue that this autoimmune process is actively destroying their pancreatic beta cells. Yet, 
if one examines their blood for anti-islet protein antibodies, one can clearly identify those 
animals that will eventually lose blood glucose control and develop clinical diabetes. This 
situation is identical for human Type I diabetes in that patients at high risk for developing Type I 
diabetes are tested for the presence of specific auto-antibodies. The number and titers of these 
specific antibodies can predict with >90% certainty which of these patients with ongoing 
autoimmune destruction of their beta cells will actually develop clinical Type I diabetes within 5 
years. 

10. We encapsulated islets from mouse strain C57B1/6 by polyethylene glycol conformal 
coating as described in USP 5,529,914. This patent was incorporated by reference into the 
specification of the application captioned above. We then implanted these conformally-coated 
islets by intraperitoneal injection into NOD mice. The experiment had two variables under study 
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- time of implantation of the encapsulated islets (4, 8, and 12 weeks) and number of islets 
implanted (50, 100 and 150 islet equivalents, DBQ). 

11. Exhibit 1 shows the data for all animals grouped by time of implantation. Implantation 
at 4 weeks showed the best results with diabetes being prevented in 60% of the treated animals, 
as compared to the control animals with none having diabetes prevented. 

12. Exhibit 2 shows the data for all animals grouped by number of islets implanted. A dose 
of 50 EEQ produced the best results with diabetes being prevented in 60% of the treated animals. 
All the control animals developed diabetes. 

13. Exhibit 3 demonstrates that in the control recipients (NOD mice not implanted with 
encapsulated islet cells), the autoimmune destruction of the pancreatic islets is very complete 
with small shrunken islets remaining with continuing evidence of lymphocytes destroying any 
new islets that are formed. 

14. Exhibits 4 & 5 demonstrate that in those recipients that were prevented from developing 
diabetes after implanting the small quantity of encapsulated islets, very large islets (many times 
their normal size) are present, without evidence of host lymphocyte destruction. This means that 
the normal process in the mouse to replace lost islets has been successful to the point of 
preventing diabetes from destroying all of the newly formed islet cells. 

15. Therefore, we have shown that: a) a small, sub-therapeutic tolerizing dose of 
encapsulated insulin-producing cells prevents the host immune system from attacking a later- 
implanted un-encapsulated therapeutic dose of insulin-producing cells; and b) a small, sub- 
therapeutic tolerizing dose of encapsulated insulin-producing cells prevents the host immune 
system from attacking the host insulin-producing cells in the pancreas. 

16. Combined, these experiments prove that the claimed method of treating diabetes by 
tolerizing the host immune system prior to implanting the fully therapeutic dose of the insulin- 
producing cells works to permit the host to receive the fully therapeutic dose without rejection. 
This process works without the need of continuous, life-time immunosuppression of the host. 

17. I declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
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statements were made with the knowledge that willful, false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or 
patent issuing therefrom. 





David Scharp 
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